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ABSTRACT -

D RIS R Ty YA M EINON AT S A SRR e el fevini vy preitwtoacigent i L

:LOCATER is a computer program used to simulate proj égtiié tracking radar estimation of
wedpon locations from real or simulated.projectile:fracking:data:;. A complete mathematical .
description-of the modified. point. mass trajectory modéling, rada§ random.errors, wind;.
refraction; multipath and‘the maximum likeliliood estimator is included: Detailed user
ifistructions -and: samplés are covered:. ‘A programmer's giide to modification 6f the 7000 1line

;FORTRAN ‘program i$ ‘included.
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LOCATER* is a computer program designed to simulate a projectile tracking radar (PTR) and

RS
ot
7 Srla B e

to estimate weapon locations from real or simulated projectile tracking data. This 7000 line

o FE

FORTRAN program was developed as a tool in support of the Army/DARPA HOWLS program to investigate

the application of new technology to the problem of locating artillery. Over'a 3 year period

¢
"
P

RN

3
T

this program was used to investigate a broad class of problems concerning projectile

s
3

- tracking radar performance. It is organized in a modular way so that it can be easily under- 35
stood, used and modified by any analyst or programmer. It is reasonably efficient - but ,;,
like any detailed simulation it can only be used to perfomm specific analysis and gain insight - &

> ¥

4

not to simulate an entire battle scenario.

LOCATER simulates a projectile trajecéory using a modified point mass dynamic model which

g S
includes effects of drag and projectile spin. A projectile tracking radar measures this ' ’::
trajectory with associated random errors in range, azimuth, elevation and doppler which are & w%
statistically modeled as independent bias, jitter and thermal noise errors. The environment jf
is modeled with wind and air density affecting the trajectory and refraction and multipath Y

5
affecting the radar measurements. The location estimator takes these simulated errored _ :if
measurements (or real radar measurements) and makes an estimate of the most likely launch ’ f‘
location for the weapon. The estimator also uses a statistical model of radar errors and can g %
use meteorological, multipath as well as a prior{ data about projectile parameters. The :§ «:
estimator is very flexible allowing any subset of measurement dimensions (e.g., azimth, ;; é
elevation) to be used in estimating any subset of states (e.g., excluding drag and spin). ;ﬁ ’J
When real data is processed this feature plus the ability to automatically edit out bad 2
points (e.g., >2¢) gives good performance even with poor data. When simulating a radar, a “:
number of independent simulations arce run for a given trajectory (i.e., different errors) and §

¢

%,

X
ot

the statistical performance is summarized (i.e., weapon location CEP).

AN

Reta
v

Over the three years of llsing LOCATER in the HOWLS project it has been applied to a wide

3 Pl

variety of problems: Performance evaluation of various proposed PTR concepts, development of

i

an improved Upleg/Downleg weapon location algorithm, validation of algorithm performance by

processing real data, simulation of multiple radar tracking nets, evaluation of performance

}’ ‘ degradation due to projectile RCS variation with aspect and multipath errors, and the
.o ;
" - *The name LOCATER suggests the program's function as is the achronym "Location Of Counterfire

Artillery Through Trajectory Estimation by Radar'.
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pérfonmance -of .a. radax without elevation. measurements.., Bkxamples. oL*JOCATER operation in four

Sy

-cases ate included with all inpit and output; .

- ~,

Both the :input and output is organized in a modufav way that makes ‘their operation easy to

<
AT

b3

S
Talenr

Jearn and use: Input parameters are specified in up to 16 “free- form data packets. Typically

-
.
I
Iy
bayid

only a few of these are vequired. For example, only four are needed to process veal data. -

ks

&m‘«:«! i

‘Input of real data is flexible with run time formats allowing input from cards or tape units. ) .

Buad

In operation, miltiple rins are usually made so that the onl¥ packets witiv paramecteis that
-change need to-be ve-specified - other values rermain in effect - making parameter changing
-easy with only a few cards.

The output -is organized into 9 independent (optional) séctions:

1 Listing of input cards

2 Nominal projectile trajectory generated .

3 EStimator states after each iteraticn till convergence l .

4 Track file measurements -with.editing notes

§ State covariance matrix and.correlation cocfficients ;

6 Estimated launch conditions (e.g., velocity, Q, ctc.) - g
’ 7 Track residual errors : ; ) 4o R

8 State -estimation parameters (c.g., drag and spin) g - ' ' 3%

‘9 Launch point location errors ‘ :::

Plots of residual errors -(7) and launch point errors (9) ave done by separate programs using

‘files prepared by LOGATER.

A complete mathematical description of all modeling and the maximm likelihood estimator

A

is "includey- to bridge the gap between thcory[:11 and the implementation in LOCATER. The f
maximup likelihood equations are solved iteratively with a technique that requi‘res only an — §

. approximate initial estimate. The number of states to be ostimated is selectable (usually 6 5\:
to 8) ‘but the- state vactor is eﬁ;-m\dnhle up to 17 states. A numeric -transition matrix is . f%
used thus spermitting casier changé to the equations of motion. ) A fj‘
Program.modification is facilitated by a mathematical description which includes the ; ‘;i
identification-of certain key program variables. Typical program modifications are iliustrated : (:;

as a guide to programmers changing dimensions of arrvays for radar measurements and meteorological

conditions, udding data packets for input parameters, and modifying the equations of motion.
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2.0 INTRODUCTION . . *
v _2 llisktox‘)' of LOCATER Program Dovelopment - ’ '

A Qmm!; stwdy of projectile tjr:\ckii\g radars was wndortaken in 1973 as part of the }};W‘:V:\\xxx}- ; ¥
IONLS program. 'ghe general charter of the HOWLS program was to { indt ways of applying né\\- toch~ i ;
nology to the 3ocau~§en of hostilo indirect-fire w SUPONS i.e., artillery and mortars. The phase ; ;’
of the project dirvected toward pmje&-i}e tracking vadars wag to exploit pew teclmelowy in the - g
an of -atvanced gomputers, precision guided rewitions, xmlt»ismti‘c scnsors.: and 1ight -weight :
highly mobile sénsm‘ platforms, ,"l‘hese udv{umﬁ:ﬂ_ Leclmfslogies, way postulated as being available ; ?
for developmont in the mid-1980's, ‘ ' % ~‘§j

o |

Over the past 3 years of the projectile m*acking; radar investigatien, a vaviety of analytic : ti

© tools have been used to support this study.  First, there was need of a simulator to investigate ! :‘3%
‘the avaraey of projoctite tracking radavs in the varbous systems concepts proposed for the 1980's, i féﬁ
later as advanced tracking algoritlms weré explored it beocame essential to have a teel for proc- "“4}
essing peal radar data thvough e.\'mrimant.fll algovithms. 1In onder to {ill the gap in real vadar é
data, it was negessary to use special precision ballistic trajectory generators such as the ‘ ?g‘
BRI, modifiedd pc;in‘t: MASS Program or trafectories produced by outside agencies, for example RAR ‘ ;
(Rocket assisted projectiles) trajectories, or rocket trajectories that were simulated for f ‘f;
[ LY pmmsos\aml thus it was necessary to use those externally generated trvjectories as ?
“models for u aystem sumdator. Neav the cnd of the project is was possihile to arange for ‘*}
[1eld measuraments of a variety of projectile types in owder to complete the spectrum of %
trajectories with whieh to test proposed ddvanced tracking algovithms. With thig high precision %
tracking data, it was nocossary to add features that would allow fov algorithm validation and '::
modi fication, ability to change the dvnamie rracking model ensily, and to analyze the ;?
charactevistics of the vosidual erwors. The majority of those requircments for analytic tools i
were met through the development of an cmnibus projectile tracking program called LOCNTPR, :
The LOCATER program evolved to meet the neod for system anaiysis tools described atove,

Eavly system analysis and parvametric studies were performed with a modified exo-atmosphervic ﬁ‘
Ty

program called HWIPIR (tastile Weapons Locating Projectile Tracking Radar). HWLPTR included :
modifications to allow for simulation of endo-atmosphervic ballistic trajectories but the :‘Ej
program structuve was somewhat inefficient tor projectile tracking work and somewhat “f}?

i

difficult to wodify. As it became clear that the projectile tracking investigation

would expand wnto other othor applications, it was decided to redesign and write a new program

vty 0,

specifically for endo-atmospheric projectile tracking investipations, This woia was stavted in

2% TR NS T SR
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features can be found in Sectim 3.
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the Fall of 1976 and resuited In cha weiting of 7,000 lives of il}f(l]b\’\‘ code which hecune operas
riong) in hwfaey 1977, This program, called MXCATER, was written for the (DQ 6600 computer and
uses 66 K decimal words of storage. The proghum-was designed to be flexible and uses an vasily
modified mdutar construction. Input to the progauwa is in the fonr of data puackets submitted

in batch. CQutput iz preparca in the form of & waber of output SECIINS cach independent of

one another. Internally, a generalizod state vector structire ig used which is easily modified
wl punovical integration is used to keep the state vector extrapolation transparent to the
parcicular syster model being used. Continued cvolution of this-program is expected as it is
now in a fom which is easily maintainable. As new modifications ave added to $he program,
future versions of the program will be docimented in addenda to be uttached to this fwctical
Techiology report.  All progrems and decumentation are to be made available on tope. ‘lhe program
wias written to be operated on the Lincoln CIX-6600 ocaputer, however, the FORTRAN conventions used

Zn writing this program weve chosen to make conversion .for use on IRM-370 equipment very
straight forward.

2.2 Purpose

The purpose of this report is to familiarize potential users of the LOCATER program with

its features and capabilities. For those who are already users of the program it serves as a

reforence guide for both the preparation of input and the interpretation of cutput. For those
who wish to make softwore modifications, it serves as a systom description md programming guide.

The basic function of the program is to locate hostile weapens from radar tracking data on the

fived projectile. The purpose of the program is to serve as a general purpose analytic tool for

dnvestigating the effects on weapon location accuracy of radar system parvameters, trajectorvy
modeling and estimation algorithms, and envirommental effects such as wind, tropospherie
refraction, and multipath. The program is designed to provide analysis of these effects by

analytic modeling, statistical modeling, and through analysis of real data. ‘The program is

designed to be useful in a wide variety of analyses of sensors designed to measure tactical

ballistic projectiles. The program iy designed to te functionaily

1y
<

useful in a research

and development enviromment. 1t is user oriented, modular, and easily wodified. it's designed

o

o opevate efficiently in a bitch envivomment with graphics being provided by scpavate

special-purpose plotting programs. A complete description of the program capabilities and
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2.3 <Scope

This veport contains a complete descriptlon of the operation and use of version 2.0 of
the- LOCATER program.  Version 2.0 of LOCATER was achieved in Mavch 1978, As with any R&D
-analysis tool, continued change is to be expected. It is planned to describe any subsequent
revisions to the progran in addenda to this report.

A complete description of program capabilities and features is included in Section 3. Ihis
includes information a potential user would need to hnow to detemnine if the program would soive
his particular problem, and furthenmmore, the Kind of information neasded to detenuine if the program
would be usable with a given set of camputer equipment. Application ol the program to particular
projectile tracking problems is covered in Section 4. ‘Thesc applications are illust.ated concretely
by the examples of program operation imfludcd in Section 7, Additicnal potential applications of
the program are also included. A complete description of the mathematicul backgrawrd for the
program is included in Section 5. The mathematical basis in theory of operation uged in the
LOCATER program can be found in Refevence 1. However, the actual implementation in the LOCATER
program differs in several important details; namely, the inclusion of a morve general dynumic
model for the projectile which includes induced diag and magous aceelaration and the use of
nunerical transition matrices. ‘These are covered in Section 5. A general users' guide and
reference is contained in Section 6 which includes a Jescription 2 the preparation of the
input data packets as well as a conmplewe description and intzrpretation of cach output section.
Four complete demonstration examples ot prograt operation are includad in Section 7. These
are designed to illustrate the wide variety of applications of thus pregram. Tinally, Sectjon §
provides a guide to programers for understanding the internal program operation and for making
potential modifications to the program.

This report dees not cover the results of eny of the projectile tracking anxlyses performed
as part of the HOWLS program. The use and effectiveness ot various projectile tracking radar
concepts and projectile tracking algorithms is wovered in other Tactical Technology reports

(T'N1977-15 and TT-23),
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3.0 PROGRAM CAPABILITIES
This section is dirvected at the potential user or person who wishes to get an overview of

what this-program will -do.. Wo will start by giving.a very brief description of the way in'which

the program.operates, Next, we will describe the program capabilitics for modeling the projectile

trajectory of the radar in the chavironment. The parameters considercd in the trajectory

estimation process will then be described md finally same program features will be described,

3.1 DPrograa Uperation

The LOCATER program was designed to both simulate projectile tracking radar operation and
reduce experimental recorded radar data px;oducing a launch point estimate, The major operating
modes for the LOCATER program ave depicted schematically in Figure $-1, When in the radar
simulation mode, an intemnal trajectory generator produces the position and velocity measurements
for the modeled trajectory, A radar noise-generator then adds random radar measurement crrors
which model ‘thc error statistics of the parcicular radar being simulated. These simulated
trajectory measurements are then processed through the maximum likelihood weapon location
algorithm and the predicted lawwch point is collected for output. This process is repeated
many times in Monte Carlo simulations of radar operation. ‘The collected launch points .are
-then statisgically processed to detemine the expected CEP,

When experimental recorded rador data is to be processed, the internal trajectory generator
is not nceded, The data is entered directly through a simple coordinate transformmation, and of
course no radar noise needs be added to the rveal measurements, and it is prowessed directly by
the maximm 1likelihood weapon location algorithm, the output being the launch point prediction
as well as other statistical quantities such as azimuth of fire, QE, etc. If many similar
trajectories are to be processed, and the true launch point is known, an experimental CEP can
also be generated.

With the program structure shown, it is possible to use an extemally generated trajectory
in place of the internal trajecctory generator for use in the simulation mode. Such detailed
trajectory modeling programs as the Ballistic Research Labs' 6-degree-of-frecdom model or the

medificd point mass model can casily be employed. tere again the radar noise generator is used

to add simulated radar measurement noisc to the unerrored trajectory measurcments, ‘The coordinate

transfomation is generally required to convert {rom the modeling coordinate system centered at

the launch puint to the measurcement coordinate system centered at the radar,
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The LOCATER progrum is extremely modular giving it a flexibility to oporate in any combina- i
tion of modes that arve implemented. For cxample, it is possible to take experimentally rocorded )
radar dats and add additional vadae nolge to it. Thig might be done, tor exawple, to model a 3
projectile traching vadar of low prectsion with oxperimentally recorded wetric measuremonts fvom , i
a high precision tracking radar, ”
b

3.2 Woapon Modeling «

§

Of course the model ing of weapon projectile characteristics applies only to trajectories ;
penerated by the internal trajectory generator. It is possible to specify-up to § weapons q«
ad/or trajectories to be modeled at once.  Each weapon ts located in & local UM coordinate ﬁ
systom inclwdling dts clevation above sea level. The initial conditions for the trajectory ave l :
speedfied in ‘toms of the azlmuth of five, the Qi and the initial velocity of the projectilo i
at the time of lmunch, ‘The vrojectile chavacteristics which ave wodeled include the diameter, :;
mass, and drag curve to be usel with the projectile. A spin constant is also specificd which ‘
'\detennlncs the Lift accoleration and other minor accelorvations dopendent upon the projectile ’
-

spin.  In addition to these factors, the efiects of gravity, Coviolis force, wind and density o%
variations are also included in the ballistic trajectory calculations. ihe radar cross section é
of the projoctile can be cither specificd as a constant or it can be modeled as a table of radar :;
cross section values as a function of aspect angle where aspect angle is defined as the angie ; “2
botween the projectile velocity vector and a line fyom the projectile to the observing radar. ’ :‘;
In simlation wns, it Is possible to specity a drag and spin wcertainty so that the . 4 awnd Z 5(
spin factors can be varied over a range to simulate the wncertainty in these characteristics on ,
a rownd-to-round. basis. When external trajectories are uscd in place of the mternally generated |

ones, it is often necessary to convert the coordinates produced by the oaternal trajectovy
genorator into those that corvrespend to the actual location of the observing radur, To o this

a special featuwre has been added that allows the origin of the trajectory to be specified in

towms of its UM coordinate location amd elevation abo.. sea level. 1his voordinate transfommation
is usually not requived for cxperimental recormded radarv data because that data ts usually made

available in radar measurcment coordinates of range, azimuth, elevation, .ad doppler.

3.3 Radar Modeling

Up to 5 radars may be modeled at one time in the prograni. Hach of these vadavs may track
any or all of tho weapons specified above. The tracking inteyval for cach radar weapon paiv can

be specified in towms of altitude, time, ov in tems of clevation angle to determine the trach
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of each radar is specified.in the UM coordinate system along with the altitwde, ‘The type of

‘o " &
f

3

segment ' for a particular radar. Most often one specifles the elevation coverage of the radar f

and lets tracking tako place autamatically. For multi-seusor tracking, the measurements will §|

be converted to the coordinates of the base radar and the radav covariance matvix will likewise be §

converted to the base radar coordinates so that the maximun likelilood plgorithin can combine all },I

t the measurements to produce the most likely launch point, This capability can be used to inves= ;i
tigate the geometric sensitivity to various multi-sensor tracking configurations, The location g

X 5

vadar modeled is a tracking radav which measures range, azimuth, elovation, doppler, and

S e N AT
.

signal-to-noise ratio. Phased ariay rvadar angle measurcments are not prosently modeled in they
program, For each of the measurement dimensions except the signalsto-noise ratio, the user
can specily an error model composed of a biss, a statistically independent jitter error which

does not vary with signal-to-noise ratio or range, and a statistically independent thermal error

(S

Fon el e WL

which does depend upon signal-to-noise ratio and hence range of the radar to the tavget, ‘The

et

R

sensitivaty of the radar is also specitiad so that signal-to-noise rutio may be simwated as a

oAy

e
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function of range and radar cross section. When Monte Carlo simulations ave run, a randon
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nunber generator is used to supply numbers selected from a normal probability distribution.

=

“hoso numbers ave then scaled by the sigmas specified for bias, jitter, and thevmal sigmas. In
computing the themmal ervor the range is used to compute the signal-to-noisc ratio and 1ts square

root then is used to divide the specified themmal sigmas. ‘The signal-to-noise ratio is computed

L2 gy o3 27 a2 ot A v s pem e
i

from the sensitivity, the range, and the rvadar cross section. If a radar cross section aspect.
angle table is provided, then radar cvoss section Is recomputed at each point based on the

computed aspect angle for the target,

S8 A e A A

& An inportant feature of the program is the ability to medel any subset of measurement

“ ? dimensionsj for example, a radar was modeled which measuved only range, azimuth, and doppler
4

: % or a sensor could be modeled which made only angle measurements. When any of the three posi taon

i «% measuring dimensions is missing, it is often possible to use the geometric diversity of the ~5

§ trajectory to infer the missing positional information. }f
5 Duving the trajectory estimation calculation, the maximm likelihood algovithm uses the 3%’
'i radar orvor sigmas specified in the radar model. It is, however, possible to specify a diffevent “é
i“r s rvadar model to be used in the estimation process than in the measuvcment generation. This model ,:
t is also used during the processing ot recorded radar data. ‘The radar model includes provisions “3’
’ N for removing known hiases in range, azimuth, elevation, and dappler. In addition, a specular 2
i

maltipath model is included for removing known mattipath from the clevation measurement. Both
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‘biases and the multipath canibe fncluded 41 the éstination procoss discussed in ‘Section 3.5

34 Exi\r‘irounel)\ta‘lwbbdéiling
‘Tho .atmospheric-model is' used:-both in the generation of trajectories. for simulation and in
thosmaximun 1ikelihood weapou location algorithm. ‘The atmosphericomodel. includes wind’speed,.
direction; air density, and air température. Three options are provided for specifying these
_conditions: First is a standard:option which uses. standard density wnd -temperature profiles
gideno wind,  Second is a ground conditions specification whore the density and temperature
profiles-are scaled to.match the specified grownd. conditions and the wind speed and direction
épe Aassuited to-bé wonstant with altitude. ‘The third option is a layered meteorological model
w!i‘g:i%&'atm wind speed: direction, alr.density and temperature ave specified as a function of
altitude,. is spécificdation is designed to mesh-with the standayd meterological reporting
forwiat )
The propagation of -the radar signal can be simulated to include cffects of tyopospheric
vefraction on the. range-and-elevation measurcments., ‘The effects of wultipath errvors.in the
6_10vi\f.:im measurement can- also-be simulated either by specifying a functional form for the cxror

or-by "specifying a table of elovation ervors (see Section 5.4.4 for more detailed description

‘of. the multipath simulation).

3.5 Trajectory Lstimation Process

Although the LOCATER program is configured ‘to handle several tracking algorithms, only the
aaximan likelihood estimator is prosently implemented. ‘The operation of the maximun likelihood
-estinator will be briefly described using Figure 3-2. For a more vigorous exposition of the
theory, sée Ref. 1. Radar medsurements arc taken of a projectile trajectory as illustrated by
the dots on Figure 3-2, ‘The state of the préjectile at each poiit along the trajectory is then
described by a state vector which includes the 3 position and 3 velodity states in addition to
séveral parmetric states to be described below: The radar measurements ate assembled into a
track file which includes all of the track points nicasurcd on a particular trajectory. ‘An initial
cStimate of the state vector is made by a gimple polynomial regression on a fow of these measure-
ments, This initial state referred to as )((1, is used to stdrt the estimation process. 'This state
vector is oxtrapolated by integrating the states to each of the measurcment times in-the track

file. The state vector is then transformed into tho measurement dimensions and the difference
is computed to dotcwmine the residual errors from cach measurement. ‘These errors are thén uséed

to solve the maximm likelihood equation for the linear pertiurbaticn aio which is the most likely
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Rig. 3-2, Maximum likelihood estimation,
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linear perturbution to the initial state vector which would remove the residual errors. Next,
this perturbation is added to the initial state vector to create a new state vector. The
perturbation is tested to sec if it is small enough to temminate the iteration process. If it
is not, the corrected state vector is then used to start another iteration of the process us
illustrated in Rigure 3-2, Any or ull of the states may be tested for convergence. We have

generally tested only the position state and asked that the perturbation be less than 1/2 meter.

3

R

In LOCATER, a total of 10 states are moc}elcd: 3 position, 3 velocity, and 4 parameters, one

R

o

2

of which is a drag scule factor which is used to scale the drag obtained (ran an internally

2.

stored drag tuble which is a function of Mach muber. Secondly, a spin vonstant is inciluded

which relates the spin dervived accelerations principally lift for the projectile and two states

which can be used to estimate wind in the ecast and north directions. The program has options to

Vi - RPN P A Sty

suppress the estimation of any subgroup of these states. for exwmple, the wind states are

Vo |k
R

generally not estimated but are measured ¢ priord values. The spin constant and the drag may
not be estimated; Yor example, if the radar measurements are too poor to support estimation of
these additional parameters. During processing the maxjme 1ikelihood estimator uses the
measurement exror statistics specified in the radar model in onder to detemine the correct
weightings of radar measurements. ‘'The signal-to-noise ratio used for scaling the themal error
variance can use a4 natural signal-to-noisc measurcment in the case of real recorded data or it
can be generated based on the range and sensitivity of the vadar for simulated trajectories.
For simulated trajectories, the radar model used for trajectory estimation may be different
than that used to generate the radar measurements. ‘The initialization of the state vector
can be either from a) the true turget location, which speeds convergence in simulation cases,
b) the average value of the state vector, again in cases of Monte Ciarto simulations where
parameters are varied parametrically such as drag, or ¢)through polynominal regiession of the radar
measurements. this would be used if the true position was not known for recorded radar
measurements.

1t is possible to incorporate a priori infommation known about the state of the trajectory.
For example, it may be possible to give a good estimate of the probable projectile drag or spin
constants, or perhups, test data is being reduced and you know the actual launch position very
accurately. ‘These measurements may be specified along with the wncertainty associated with the '
measuraments, These data are weighted with the appropriate covariance and incorporated in
the maximun likelihood estimation. One lmportant characteristic of the LOCATER program is the *

ability to vary the mmber of states to be ostimated. For example, any ol the ten states
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described nbove may be deleted fromw given estimation. Tor examplo, it may not be dosirable
to estimate projectile spin constant because of poor quality of radar data, When a state is
dropped the initial value of the parameter is uscd throughout the computation.

Soveral speeial features have been sdded to the maximam tikelihood estimator, First of
these s the ability te estimate radar hiases in range, azimuth, elevation and dopplor. This
Iy ospecially useful when reducing data with considerable geometvic diversity such as a long
trajectory or datu taken fram waltiple wdars, One must be aware, howevor, that this techuigue
sometimes leads to indetemminate vesults. A similar capability has been added with regand to the
estimation of wultipath evors. A sinple Dunctional fomr for elevation multipath ervors, descibed
fully in Section 5.4.4, is used and the three coefficients for this fnctional fom are inctuded
in the maximm likelihood estimation so that multipath from a single specular reCloction may he
romoved from low angle tracking dara.

Ot particular value in processing experimental recorded vadar data, is the abitity to
automatically edit track points, Three optional methods are Included for automatic cdiring
of radav track points, Fivst is the use of a polynomial it to the measured data In owley to

pre-edit and delete measuranents of move than a certain distance from the fitted polynomial.

P

his is particularly hetpful in ramoving erroncous target associations, such as fvom aivcraft,
from the track file. 'The sccond method is to set a signal-to-noise threshold balow which a

track point will not be accepted. This, in effect, simlates a dotectdon thveshold, The, third
automatic editing technique Is to allow the maximan likelthood algorithm to converge, then compute
the average weighted square residual ervor and standard deviation tor cach measurement component,,
wd reject points with a residual ervor greater than No where N is a factor spocifiablec This
tast technigue has been fouwnd useful in vemoving points which am‘en\)ncow because of dmpiuper

target controids,

3.6 Pwogran eatures .

The LOGATER progrwn is highly flexible in terws of the output that is produced, 1t van
report as little or as much of the information that the user requives. Ihe output is organized
into a series of report SECTIONS from 1 - 10, any of which way be printed or not, at user opt ion.
Por exwnple, input cards may be printed, ar not, The geperated trajectory fora simulation may
be printed. The states of the maximum likelihood estimate can be printed at cach Ateration
desired to show convergence, 'The state covariance matrix and corvelat ion coctliciont matrix
cun be printed and the track residuals can be printed as well as plotted, showing the deviation

of the measured points from the fitted trajectory. The genervated measuraments, together with the
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vadur weights, may be printed as part of each trajectory estimate, An estimate of launch
conditions and residual statistics is presented which describes the estimated velocity, firing
~azimuth and qua&irm\c elevation (QU) for each trajectory processed. The maximum likelihood
es:liato of each of the paramétric states is presonted, such as the drag constant and spin

coastant. The key output is the launch point estimation, This can be selected as being the

leunch i)oint. the impact point or some intermediate intercept point. This would be useful,

for example, with guided projectiles. For a group of trajectories, either real.or simulated,
the: projected xy launch points aro plotted, the mean launch point is cilculated and the CEP is
:alcixlated. The major and minor axes of the orror elipse are also calculated and plotted with
the launch points.,

Some of the key features which make the program particularly user-oricated are the simple,

defaulted input through the use of data packets which gives the user the ability to stack

;ml’tliple runs- while only changing the parameters that change from run to run. The ease and

" ‘flexibility of:specifying either cards or tape for external inpit data is also of interest.

In genexal, great carc has been taken to provide a great flexibility of options through using

a modula{t program structure, it is possible to specify the various model parametexrs, completely
independently. The program operation has been planned in a logical way to allow almost complete
ﬂexibilit}' in the selection of the vurious options, for example, the ability o select various
states to be estimated, to select the measurement dimensions of the radar, to use multiple
radars, to select various intercept conditions, and the ability to specity track segments with
great flexibility,

. The program was designed so that the plotting software was separate from the main LOCATER
Program. LOCATER prepares summary files for exumple, of the launch point estimations which can
then be processed by external plotting programs. All report sections for LOCATER are configured
for 8 1/2 x 11 paper so no photo reductions are required. Internally, the LOCATER program
i5 designed to be eusily modified using a structured modular construction, Examples of design
decisions made to facilitate future modification are the variable dimonsions assigned to the
state vector, allowing for the incorporation of additional states, should they be required in
the future. Another example is the use of a numerical transition matzix to perform the inte-
gration of the state vector along the trajectory. This feature allows the dynamic model for
the projectile to be changed with little impact on the vest of the program. These design
features have resulted from several iterations  of program redesign and many hundreds of

camputer hours of program execution.
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4.0 LOCATER APPLICATIONS

Bocuuse of the LOCATER program's _reat flexihility there jg, an almast undimited range
of potential application. Perhaps the best way to illustrate this range of gpplicatien is
to rccount all of the applications of the program to the HOWLS projectile tracking radar inves-
tigation. This section presents & number of selected applications of the WCATER program ta
rarjous HOWLS applicatims. These applicatiops ave selected to reprosent the vapge of potential

LOCATER applicaticns, but shouid not be interpreted us vopresenting the results or conclusions

of the HOWLS projectile tracking radav study.

4.1 PIR Concept Stwly

One of the eavly applications of the WCATER program was a pacametric investipation of
various projectile tracking vadar concepts. In this investigation were short range, long range
radars, narrow bewnad or broad beamed, slow tracked rate or rvapid, phased array, or rotating

antenna systoms, single vadar or multiple vadar sites. In short, as wany Jiffervent approaches

to solving the projectile tracking vadar program as could be conjured up. Bach of the seversl
candidate systems went through a preliminary design stuwly in which the system parameters were
varied and a {ivst level optimization wag perfommed within the constraints placed on each
concept . The result was a series of raday wodels which were used in LOCATER s:mulaticns.
In order to fairly evaluate the various competing system concepts, a standard set of vepresen-

tative target trgjectories was prepared. Each of the cadidate systems was simulated in

Monte Carvlo mxle against this vepresentative set of trajectories, bWhat resulted was a matrix

of weapon location accuracies for cach cadidate radar against each weapon trajectory. ‘ypically

20 Monte Carlo runs were made for cach radar target pair, Such wide scale s mulation elforts

can take many hours of computer time. LOCATHR'Sefficiency has been improved iin several areas
so that its efficiency in carrying out lavge scale Monte Carlo simulation is very vespectable.
It is possible to estimate the amount of time required for such sinulations fairly accurately

(see Sccticn 6.6 for mothods of run~time estimation).

4.2 RGS Perfommance begradation

In conjunction with the study of various PTR concepts, it was realized that the variation
in radar cross-section (RCS) misht have a significant effect on radar performance. ‘fhe
projectile's radar cross section varies as a function of the aspect angle to the viewing radar,

This aspect angle is a function of the vadar to projectile target geometrry, and in general,
! X pro] get ¥ $

varigs considerahly aver the course of a trajectory. ‘The projectile's radar cross section may
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viary many dB over the course of a-typical trajectory. What then should be the radar cross ,:
section value used to model a given projectile type? .In answering-this question we added the é
capability fo¥’ simulating the actual radar cross section fluctustion as a function of aspect 4
angle. It was assumed-that the projectile body axis was stabilized and aligned with the velocity %;
vector. The aspect angle between the velocity vector and the line of sight to the radar was g
then calculated and the result was used to look up the radar cross section from a table of
stored vadar cross section values. ‘The nunber of different trajectory geometries were simulated A‘a;
for different radar coverage angles. ‘The results of these simulations were as accurate as could Z
be obtained using the full knowledge of radar cross section distribution for a particular jl
projectile. (
In onder to expedite the evaluation of the radur system concepts it was desired te use n‘i
a representative constant cross scction in the simulation for each projectile type. It had é
been proposed to use a radar cross section equal to the median radar-cross section over the 3&
l‘;UISO of aspectangle from 0 to 60 degrees. It was veasoned that this represented a realistic ;«
range of probable viéwing angles for typical radar engagement geometry. Additional simulations :
were then nn using these constant cross scctions which were then compared with the-more detailed %;
simulations described above. 1n all cases the detailed simulations gave slightly better weapon Z,
. 7
: location statistics th:u; the constant cross section assumptions. Thus it was conservative to i
A
assume a’constant cross soction in the system concept simulation. Using this method it is :]
possible to caiculate an effective radar cross section for each projectile type and target “‘;
geometry. Because of this simplification, it was possible to carry out the system simulation :;
moze rapidly because the various target radar cross sections did not have to be digitized for ':
input into the radar model and of course, the simulation itself ran somewhat more quickly. ?
- ﬁ'
4.3 Algorithm Development
As a result of the system concept study, certain system concepts were identified as being
i very promising. In order to take advantage of these new system concepts, a new projectile tracking ;
algorithm was developed to make better use of downleg tracking infommation. The LOCATER program
was used extensively in developing this downleg tracking algorithm. One aspect of the improved %
weapon location algorithm was the development of the maximm likelihood state estimation (
technique for projectile tracking. This technique is a very general one and in fact, its the N
basis for the current tracker used in LOCATER. The other aspect of Jownleg tracking, which ,
nceded considerable attention was the development of 2 reaiistic trajectory dynamic model. -
Because of the rather long extrapolation times involved for downleg data most of the ervors {
16

SR v MRS * L AR Sk B G XN 2 U AL




%
iS

©

gt A
gy

M)

«y o~
S B

40
Sy

g ST ST Ty g ST
DT T SRR

oz
ey

"oy e NN "% PNy
7 TRB=

associated with them come about through errors in the dynmmic mxlel for the irajectory Ome
ay to investigate the effects of such a wodel were to employ an extemal trajectory gererator
which contained as much as was knwown about the ballistic behavier of projectiles. Thu US Auny
Ballistics Research Laboratery (BRL) has several models which contain a very accurate acrvodynamic
models for projectile dynamics. Oue of these was used for our studies., This model was used as
input to the LOCATER program and were used as a basis for samul.zed t-~jectory. The progranm was
1w using the maximen likelihood estimation and the intemnal observational dynamic model to
determine estimated taunch points, bitses and systematic errors in the vesuiding lawnch points
wore then corrolated with various model inaccuracies. Gradunlly, the obsarvational model was
improved thus reducing these systematic errors. One should note that it is not possible to
include in the observational radar model for projectiles all of the @ priord acrodynmmic
information presented in the BRL model. To do this one would newd to know a priort the shell
type, the moment of inertia, etc.
Because tid LOCATER vrogram is designed using a mmerical transition matrix with which

to integrate the trajectory forward or backward, this decouples the program from the actual
dynamic madel being used.  Thus the acceleration gencration subroutine can be changed quite
casily to reflect changes in the dynwmic model employed tor weapon location, This has been

a areat help in exploring the effects of secondary acceleration such as the yaw induced drag,
the magnas accelevation and the 1ift acceleration. Additional features which have been very
helpful are the ability to resolve the residual evrors relative to the instantancous velouity
vecror, ‘This example illustvates the use of the LOCATER program in improving the projectile

tracking algorithm.

d.4 Real bata Performance Validation

Seon after th» completion of the systems simulation studies, some real revorded track data
became available from one of the cavly projectile tracking radar (1! .25).13 It secmed appropriate
at the time to try the new improved weapon location algorithms on this recorded radar data.

Since those carly tests the LOGVIER program has been used to process reconded radar tracking
data from five diffevent vadars. 'The processing of thix data with LOCATER has pyoven to be most
informative particularly in showing the perfommance of the woapon location algovithm,  Recently,
a series of projectile tracking tests have been periommed using the AN/FPS-16 vadar at Watlops
Island, VA, The data from these tests has been provessed by LOCATER, in owder to validate the
performmnce of the upleg-downtey weapon location algoritlm. By processing a series of different

trajectovies using di ffevent projectiles it is possible to get a very good understanding of the
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strengths and weaknesses of u particular algorithm. Several of the tools that LOCALER gives us
are pm'{iculm‘l)' helpful in this regard., First, there is a miss distance distribution this
shows us the bins and the spread in predicted taunch-points (s‘cc- Section 7.1). ‘The spread:in
the lawnch-points is due to xandom errovs from vadar noise and round to vound variation in L
the projectiles themselves. The bias errors, the offset of the cluster, aredue to systematic
errors most likely from errors in the model of the ballistic trajectory, but other sources of
systematic errors would be radar biases and errors in meterolegical conditions. A second
useful report is in SECTION 7 where the residual crrovs are presented. A plot of the ';*esidunl
errors in each radar measurcment dimensioft is also provided. This provides a way tb quickly
cvulimtc the goodness of fit in the estimated trajectory. In the example shown in Section 7.1,
onc can see that the errors in the radar range systematically deviate {rom the estimate.

This shows us there is more systematic error in the vange dimension than either of the angle “~
dimensions. snether useful roport is the covariance matrix and the correlation coefficient

presented ixi SECTION 5. This pemits one to quickly observe the degree of correlation between

various states in the estimation process. This will vary depending upon the trajectory and

the viewing geometry. We have had cases of real data (1'1‘-'23)13 vhere several states were almost

linearly correlated, for example, the vertical position and vertical velocity were all linearly
correlated with the drag constant. When this occurs the estimation process may not converge

and if it does converge the answer is not unique. With LOCATER it is, however, possible to

easily remove one of the dependent states. Another example is that one would not normally

want to estimate both the projectile drag and tl;e wind velocity at the same time since these

tend to be highly coupled states. Awother useful -report is the estimation statistics which

present the results of the state estimation for the parameter states such as, drag and spin.

From a series of tests such- as-those illustrated in Section 7.1, one cun get an estimate of

the uncertainty in estimating a particular state. Take the spin parvameter, for example, which

can be estimated in the example with about a 33 standaxd deviation. This variation in the

estimate is composed of errvors resulting from the radar measurement errors and round to round

variations in the actual spin constant. In the simulation mode one could get an idea as to

exactly how much of the error was due to radar measurement errors. For some radars, however,

the radar measurcments are much less accurate than they were for the AN/PS-16 radar, and

in fact these radars have great difficulty in estimating the spin parameter. In such cases

estimation errors of 1003 of the expected spin parvameter value are sometimes obtained. When

this is found it is often more beneficial to eliminate the estimation of the spin constant and

) A T e DG a g

&,
e

»

.y
et L Sem i’

2 v




JoT—————

. s a PP P ST Y T wa DTt L ST
O e R R e T SR R R R I E AT
"o & A . s .

s

Ser e

%y o

-

SN 30p P4Y A3
e . ‘

T AE ot

BRI P IR A w

—

e, * Aexp (De) cos (Be-C)

wd

16

- [1s-4-18185-2 |

i.2

1.0
NORMALIZED ELEVATION ESTIMATE (BW)

(M8) HOXMN3 HLVLILLINW
NOILVA3N3 Q3ZINVWYON

Typical miltipath errors.

Fig. 4-1.

19

RRMEEMEDIE Y pricaly o3 o
PP SR 7Y W%, S LT IE TS AT

. et

s 2z



. e g oA mmmng:gg?w’f PAREE SN ENY b
. S TR Y T TR BT ST 'ggjxﬂm-f} ‘? ;\\ﬁr-ws(, X M»""" RS2 RN o x
IR USRS R NE T LTRRGT a TR * S

7,

use & nominal a pri.m: value,

From these type of reports, one can obtain a very complete picture as to the performance
both of the particular radar inwolved and of the weapon location algorithm being-evaluated.

4.5 Data Editing ‘

Whenever veal data is being analyzed, the likelihood of including bad data is present.
In order. to conveniently treat this possibility, a very flexible data editing facility has been
included in LOCATER. There are at least 2 causes for the bad data-points being included in

~
- T
N T Y0

e i o
-

the data, the first is erroneasdata associatiom, that is.track points or detections from other

objects have been mixéd into the track file for'a particular projectile, the-second reason

is that for-some reason or other the méasurcment process has ‘given-a value outside of the

range expected, usually because the modeling of that process has ignored some physical phenomenon.
In the real data example shown in Section 7.1, the.estimator converges using all the-track

points and then it finds that-one measuremént, that is the last track point elevation measurement,

is more than 4 sigma from the mean. The value for this point is then thrown out and the

e e— T PRI O
T s ST A L S B M it skl

trajectory is refit using the remaining points. Looking at the residual error for the points,

.
», : one might concludé that the rangd and azimuth for that point are entirely reasonable but the %
‘ elevation is significantly different from the expected trajectory. The most likely explanation "é
> for this is multipath as the projectile approached the flat surface of the water, This multi- ;;
path caused the elevation of monopulse measurement to be in error but did not affect the range ?’
.}f: or azimuth measurement. This is an example where the physical process,that of multipath,was t”:‘f
?j ‘ not assumed in the measurement model. In other cases where data has been processed from a i *’
track while scan radar, we found data points which agree in one or two dimensions but obviously I 3
1 do not agree in others. Subsequent investigations show that these data points came from air-
g craft rather than projectiles. If these bad data points were not edited out of the data, they f
: would have a severe effect on the overall quality of the trajectory fit, Because the estimation ‘Z
J process is using the square of the residual error, a few large residual errors can completely ‘,;
dominate the fitting process. Sometimes bad data points cause such deviations in the trajectory ﬂ;i
;. that the estimator fails to converge initially on an estimate. For these cases a pre-edit %
' feature has been included in the LOCATER and this feature allows the user to do a polynominal E
{ regression on each of the measurement dimensions and exclude points that are more than a )

prescribed distance from the polynominal.
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v ses Ui

The moteoretogleal conditions play o vory significant vole In detomluing the trajectory E
that o projectite will tahoy  The Inteprated effect of the wind op the projectile cun pove the \;
trajectory may 10'2 of meters.  Because of thoese factors it s standavd practice for artillery ‘%

' units to have divect accoss to the meteoroiogical veporting fucititios of a tactical wnit,
Having access to this Infovmation ix cqually tmporiant to the vadar weapon toca:ion oporatfon, $

» T order to adequately wodel these onvivommental conditiong, LOCATER Tucludos a wind and :;
atwosphovic donslty model which will incorporate standard metcorological veporting data. ’%

LXATHR 18 able to haudle data fn several fowms,  The most usual fom I8 to have a layered

wind report taken with moteorological ballong and watosondes. tiowever, 0 these are vot A 1

avatlable ong may supply the surface wind conditlog, sl use these az averages, One should i‘

bo awave, howover, that the sueface wind 1z wsually noe the average wind atloft. ‘these ave :

ustially sogewhat greator and often In G Tlovent dlvectiont,  Woe have, on occaston, triwd to <

reduce data for which no moteorological data extsted.  Under cavtatn conditions vather \ Cé

stgnitficant sensitivity to the assumed what iz found (‘l‘l‘*'.:lﬁ)\m There s a vory divect coupling *;

hotwoen the wind voloeity along the gan targot line and the deag assumed for the projectile, ;

RN

80, to toww degree, an oror In the assmed wind along the pun tavget line will bo offset by “

a conpensating eror tn the catimtod drag for the projectile, Thus, the not effect on the f

oatinidted weapon tocation may bo swall, ,%’

Kecuuse off the divect coupling between the drag assumed and the wind veloelty 1t is ‘
pogsible to tumn the problem avomul and make mn estinate of the wind velocity, given the drag i
and spin chavacteristivs of the projectilo.  For example, wndor control tests, a projectilo z
tg Cired with initial conditions and with a known deag chavacteristic and spin deflection ;
charactorigtic,  LOCATHR can then bo used to estimate the cast and novth wind average velocity %
component.,  Howover, unless the data quality Is exceptionally high, this procedure does not "

) yioll o vory gront confidence in the wind weasurement ﬁ
4.7 Maltipath Degradation Vg
Maltipath veflections of the radav slgnal can be a significant souree of evvor In tae ’}%
alovation measuvamont . this s partientavly troublosone whene oeadnenents of low elevatton { i

} anglo trajoctories mo bedng made.  The wost typleatl type of muitipath i where a specular j
reflection oceurs on the growd In feont of the wwdar, causlag a stwong Intertering signal to ,;

' bo conbined with the divect signal. Thig tends to proudee a poriodically vinying systewmatie ';
~ovor n the olevarion neastwrement. in tadars vaing a wonoputse angle measurement . J
f
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In examining a real recorded radar data, we have found that multipath errors often are

present.  Because off that we have included in 1OCATER the facility for both simulating the

multipath errors and a rudimentavy capability for estimating what thoy are.
In one particular application, we processcd f{ive low angle trajectories wid found

very systematic elevation error (Figure 4-1). It was found that a decayed sine wave as shown - w
by these dashed curve was a very good fit to the systematic crror, Facilities were added to L;
the estimator in LOCATER. to allow the fitting of such a sine wave and the estimation of its . - #;;
peviod, its phase and its amplitude, Using this approach on each individual trajectory, it i;
was possiblé to remove most of the systematic evror present in the elevation measurement., In ;%
this way, the neasurement model was extended to more closely resemble the actual physicul ,ﬁ
process at work in the real data measuvement. The estimation of the additional parameters is, 5§
of course, dependent upon having high quality radar measurement in the fivst place, and upon *:fi
the high degree of predictability inherent in a well modelled ballistic trajectory. z
Because of the demonstrated importance of the multipath errors it was decided to also ;
inctude them in the simulation of a radar. Two methods were provided for including multipath x’;:
ervors 1) to use the simple funational model illustrated in Fig. 4-1 and 2) supply a table ;;
of measured vs, true clevation angles to be used in generating clevation measurements for the f:
simulated radar. An application of the table simulation of multipath errors was provided by ’
%
the collection of typical multipath measurcment errors as part of the HOWLS program. This y‘
neasurement effort has provided us with multipath ervors expected in various typical tactical §i:
sightings. With this information it is possible to simulate the effects on a proposed radar §
design of typical multipath ervors. One can then evaluate the dogree to which these multipath ,;
errors degrade the weapon location estimate for various trajectory geometries. If the degra- %i;
;&3 ! dation in weapon location accuracy is significant one may wish to include some {orm of a 1
mltipath estimation in the weapon location algorithm. 5:
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4,8 Simulated Radar Perfonnance
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A somewhat different application of the radar simulation capability is that described

.

in 4.1 which is used to perfect a particular vadar design, One such exanple of the use of ]
L

0y : ' ~ . N . 282
LOCATER for this purpose was in the development of the hemispheric coverage radar designed for k1
&

the HOWLS program. As various aspects of the design became more concrete the radar ﬂ
. . . . . Y

model could be made more exact in those areas. An exanple of this was discussed in Scction 4.7 B
concerning the multipath simulation. By taking great care in the way in which the radar is M £
simulated it is possible to almost cxactly duplicate the results to be expected by the real Ni‘
22 f
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adar once-it bs bullt. Ono area that is somewhad more difficult to cvaluate {s the degree

to whilch the radar wodet will match the veal projectile model. In ownder to shed some Ught

on that agpect of simulation. the IOCATER program has been used tn a sowoshat hybrid mede in
which highly sccurate vadar data token-with the AN/EPS-16 radar was aged us a base for perfoming
simulations. Tho ANZIPS=16 radar trajoctory was fod fn as an eaternal trajectory und the noise
generator for the less accurate radur to be shwtated was added to the lnput data,  This gave
both a realistic appraisal of the modeling ertors which were presont in the original radar data
plus a vealistic vepresentation of tho vandom radar mensurcment crrors which were added using
the audar wise generator, By using the coondinate transformation (Fig. 3-1) to place the
trajectory in vartous geowetries It ts possible to ovaluate o mwber of different situations

in a vevy realistic mamuer.

4.9 ‘Tracking Without Blovatim

The LOCATER program provides the capability for working on u subset of the nomul radar
measurenent dimensions of range, aslwuth, elevation, Jdoppler wnd signal to noise rvatio. In
one particular epplication w were given radar data taken with a radar that did not measure
clovatdon. 1t did however measure vange, aziimuth and doppler. With this infomation it is

possible to pradict weapon location and the tools that LOCATHR provides gave us the further

capability of analyzing what geometries such a vudav was particularly seesitive ro. With the
covariance mateix output (SHCTION §) wo were able to determine that the vuday was particularty
sensitive to asswnptions concerning the wind and the drag parameters when tt was tvacking low
clevatdon trajoctovios. Tt was leavnd that it was not capable of making good vstdmate of drag
or spin,

An application of the hybrid mode discussad in 4.8 is the sclective degradation of a
particular radar measurcment. For example, Jt is possible to add rvadar noise to a particular
radar dimension, say the range dimeislon. In this way It will be possible to simulate the

adar measurement with a degraded range resolution capability for example. This application

has moerdt In detomining tradeofls in meusurenent accuracy.

4,10 Deleting State lstimation Variables

One often encounters sttuations where the full sot of state estimation variables cunnot
sinultancously he estimated, We've alveady mentioned that it is not possible to shmltancously
estimate the wind paranoters and the drag pavametor. Often it is not pessible to osthwate the

spin ov Jdvag povameters simply bocause the adar deta quality is not sufficieat. In one
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particular simulation study, it was found that quive often the spin. parameter was iot very

o

'. accurately estimated, in fact, the standard deviation of the spin estimates often. exceeded ‘
'-;»,} 100% of the value expected. When this was cncountered, the LOCATER facility for éliminating ) i’
‘ the spin state from-the estimate was uged and it was replaced.with an a priort estimate of Lj
the nominal value for spin constant. Because this nominal value was often closer to the ;»;
R
i trac vialue than the previous estimate would have been, the overall quality of the weapon : é
: location estimate improved. It therefore may be very desirable to eliminate one of the state ) ,ﬁ
1 variables from the estimate, particularly when using poor quality radar data, %
¢
: 4.11 Multiple Radar Nets i;
; In the modern battleficld situation there very likely will be many sensors present, some ;-f
i :
: which have overlapping coverages. It may be of interest to investipate the possibility %‘j
!

of combining the traching information from several sensors. LOCATER provides a very convenient

P

U3t ek

TR,

way of combining trach information from mumerous sensors with overlapping coverage., One

application of this capability wus the investigation of a multiple sensor concept as part of

D e e a—— eamas mamars
by

the projectile tracking radar concept investigation. One such concept employed a net of 2 or 3 fr’

sensors and combined the tracking information from cach sensor. The provisions for doing this ?

1n LOCATER ave very simple but effective, Onc of the radar Jocations is designated as the :;

i N P4
. base location or the origin and the measurcments from the other sensors are transfommed into ;
; that coordinate system and the estimation process is placed in the coorvdinate system., Now the %
f specification of the track interval will allow overlapping of track; tracks may be either con- %
*

current, that is identical track times, or they may be independent and asynchronous in their 3‘

3!

; tracking. The only thing that is not simulated is the computation of bistatic doppler. The }i‘
é corresponding radar covaviance matrices ire transfomed into the base coordinate system and the r{

maximun likelihood estimate is perfommed combining all of the available infonmation.

An example of overlapping track coverage with two vadars is shown in Section 7.4. In this
example the two vadars have identical elevation coverages but are unsynchrenized so in this
case the track points are offset by one another by 2/10 of a second (see SECITON 4 of the

output). In such examples, we find that the relative position of the 2 radars relative to

DoriTs e b VOIARORENALTR O Y

the trajectory gebmetry may mahe a signilicant difference in the composite accuracy

! of the weapon location. In the case illustrated, the miss distance plot (see SECTION 9 of

the output), shows that the distribution of estimated launch points lies on the gun target

line and is rclatively narrow in the orthogonal direction because this is the direction

that the radars tend to measure range in., This type of crossing trajectory is just the
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type which i3 a candidate for cooperative tracking between 2 or more radars situated along the %

FERA, 3:3

4,12 Angle Only Sensors :ﬁ

» Because of LOCATER's inherent capability to handle multiple sensors which was described {
in the previous section, it is possible to consider special situntions for exumple where the C

. sonsors do tracking in angle only. This might correspond to some type of optical tracking kﬂ
gystem. By specifying sensors which measure only angles, and then using multiple sensors ,i

with overlapping cové:rugc it is possible for LOCATER to process trajectories using one sensor ";

as the base for muking the state estimate. Using LOCATER in the simulation mode, it would be ‘ ;‘,

possible to investigate the sensitivity to trajectory geometries, the intersensor baseline “E

length, total tracking time and tracking rate. Such a study could be performed iteratively QE

changing the sensor parameters such as angular ﬁccm‘a\cy, track time and so forth until the ,

desired weapon location accuracy was provided, and the sensor parameters have been optimized. Z}

The flexibility of LOCATER program is largely directed towards investigation of individual ; :s
sensor performance as we have described above. i ;:

@

4.13 Battle Scenarios i
The LOCATER program is not a battle simulator; its cxpabilities are somewhat limited for *ﬁ

dealing with ensembles of targets and sensors. Nevertheless when it comes to perfoming large
scale battle scenarios it is important to have an accurate representation of the probable
weapon location acauracy for the various individual weapon location estimates. The most
efficient method of providing this realism in a large battle simulation is to use a program

such as LOCATER to parameterize the important variables for use in the more general battle

8

Ny
3
¥
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B

simulation, By abstracting these key variables, ‘it is possible to more efficiently simulute

the large scale battld scenario while retaining the realism of the detail tracking simulation.

One application of this technique was to simulate a battle scenario with more than 100 “:i

trajoctories and about a dozen sensors employed at an actual battle location including the %

topographic terrain information. The weapon location accuracy was handled parametrically by j

abstracting the key relationships from a series of trajectory simulations using an early ?z

- version of LOCATER, Key variables were the track extrapo.ation time and the length of time 5

that the projectile was tracked., Similarly the effects of actual terrain masking were simulated

“ through the use of a topographic map and a line of sight function used to determine the time

4
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of the track initiation and track termination. This type of battlefield scenario with its
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topographic rénlism chables the designer to realistically evaluate the wlative merits of radar

tracking geometry, tracking time and range.

5,

The vather complex interaction of these factors

NRZ

can be evaluated in a rvealistic way using paramcterized large scale battle scenario simulators.
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5.0 MATHEMATICAL GUIDE 70 LOGATER
Thepurpose of this section is- to deseribe the mathematies lﬁ\iluxvpliiéiic‘f\\ LOCATUR Mathe-

matical dymbhals and their cquivalent FORTRAN variables. tee described- to velate the program

coding “to the mathematies. Vectors are denoted b the-tnderscore character, e, A, while
mitrices ave depicted by a tllda, ougysgs . s
The estimator theory presented in sestion 8.5 haw:heen g\gi\'elqpixl'el‘smlfem\1,;5

2

The carth model used: I the LOCATER program 18 taken {von the l)epm‘umn_{ of Ay tuchniend
manual on transfomation.of coendinates. Lrom geopraphic to gri\l.s Thy carth's shape is- consid-
ered as an ellipsold (oblate spherold) with the semi-mingr anis being the earth's rotation :mi;i\

A vadar location (Fig. $+1) with vespect to the ellipsoldal surfuce Is-gpeeified by three

..
by

A ]

Ttoms:

L latitude, ¢, measwred: from =n/2 at south pole to w72 at north pole (radiang).

2. Lofgitude, ), weusured from the: Groeinich meridian (radions) (0322 2n).

£5

« Altitwle, U, of radar abdve the eliipsoidal swrtice gretors). The ellipsotdal
surfage iy consicdeved to be ab wean sea level (i=0). %

The-physical constants of the oarth model aret

Vaviable Defining

© Symbol Deseription Valve Nane Subrout hie
Ry notih pole radius 6356583 m NORIYL, WAL
¢ cccentyicity 822719 , BOCHN WNIMAL
N wtation rate 722 xS seet! MG INTREAL

By

“

The radius of the eavth cllipsoid, ike, at the radar locatlon ig:

R = Ry (s eos¥y )" (s+1)
where
$ ™ tm\'ll(l-e‘g")tmm ITeF 3
=9 =3 )

5.2 Goondinate Systoms and Trans formations

There are three coowdinate systems used in the LOGUTER program.  They ave:
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iarth Surface Fixed (ESF) .
this is u cartesian system with ovigin at the radar,

-

. Radar Measurcment Space {RAE) )
This is a polar coordinute- system with origin at the radar describing the
meastrement space (range, azimuth, elevation, and-doppler).

3. wth Contered Fixed (ECE) .
ihis is a cartesian system with the origin at the conter of the carth.

5.2.1 Earth Surface Fixed (ESE)

The ESE coordinate system is a vight-handed cartesian system fixed on the surface of
the earth with the origin at the radar location (Fig. 5-2). This system is the frame of
reference for the equations of motion described in section §5.3.

The three coordinate axes have the following orieatations:

X locally cast, tangent to carth's surface at the radav.

v locally north, tangent to carth's surface at the radar.

(3]

nommal to carth's surface (x-y plane) at the radar (upwards).

The states of the projectile can be i.presented by a 6 clement state vector, S, composed

.

of 3 position components X,v,z (in meters) and 3 velocity components X,y,: (in meters/sec).

5.2.2 Radar Measurcment Space (RAE)

The RAE system is & polar coordinate systom with the origin at the radar location
and is coincident with the ESF ovigin. ‘'This RAL system js the reference frame for the rvadar

measurements (Fig. $-2) which arve:

r  Slant vange from radar to projectile (m)

a  Azimuth angle (radians) of the projectile measured clockwise from north
(0 =az< 2a).

¢ lLlevation angle (radians) of the projectile above the carth tangent plane
kij i
(- JgesH).

v boppler (m/s)., This is the radial component of the projectile's velocity,
A positive doppler means the projectile is woving away from the radar.

a  Time vate of change of azimuth angle, a {radians/sec).

Qe

Time rate of change of clevation angle, ¢ (radians/sec).

The elements, a and ¢, are included in the definition of the RAE system only for complete-
ness. They ave, however, not divectly measurcd by the radar.
The projectile states in RAE are represented by a six element vector, R, with the

. . .
components r,a,c,r,a and c.
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5.2.3 Transformations Between ESF and RAE
‘ESE to RAE

The nonlinear transformation for a stdte véctor, S, in the ESF coordinate system:to a

o SHL S

state vector, R, in the RAE system is represented by the functiony f.

:
Dre ot

i
R= £(S) (5-2) S
S
The function, £, expanded, has the following compenents: :
r= [x2+ y2+ 22]!’ (5-3)
a= txufl[x/_\'] '
e = tan’} [z/ (x2 + )'2)&] E
T o= (XX+yy+22)/r : ;
= (yx- )/ 2+ yd) ’
& = (2r-z1)/ (r(x2 + )'Z)l“) f
The transformation (rom ESF to RAL is implemented in subroutine XYZRAE(SBAR,RBAR) where

SRAR is a 6-clement array (input) representing the states of § in ESF and RBAR is a 6-clement

.array (output) representing the states of R in RAE.

iho

RAE to ESF

o R
oA e S

o P

a5t
Y

The nonlinear transformation from a state vecter, R, in the RAE system to a state vector,

8, in the ESF system is represented by the function, _f_‘l.

o
g

s=£'w (5-4)
The transformation, _ﬁ'l, expanded is: !
X = r cos(e) sin(a) (5-5)
y = v cos(e) cos(a) R
z = r sinfe) 4
: . s . L. 4
X = [r cos(e) - re sinfe)]sin(a) + r cos(e) cos{a) a ";{'
y = [t cos(e) - re sin(e) Jeos(a) - r cos(e) sin(a) a {.}%
%
z = v sinfe) + ré cos(e) B
%
1 - .3
The transformation, £ °, from RAE to ESF is implomented in subreutine RAENYZ(RBAR,SBAR) i U
3y
where RBAR is a 6-clement arvay rvepresenting the states of R in RAE and SBAR is a 6-element \ &;
array representing the states of § in EST, i
5
4
]

s
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o PR

C 5.2 :Ea‘"rﬂtiuC“entéxéd_uI:}J‘:‘ea (ECF),
‘ The B&Yth:‘bénteiéd Fixed (.I:iCF) ¢oordinate system is a right<handed cartesian-system
fixed in.thé rotating earth-with :the origin located at the center of the earth. The orienta-
tion of the coord1mte axes; as. shwn in Flg. 541, is>xp intersecting the (‘reenwxch meridian,
,.zEu.d‘iregted along the-earth's rotation axis.pointed toward the north pole, and yg constructed
such ‘that xg X yp * zp.
The ‘ECF-$ystem is-used-as.an intemmediate coordinate system between two ESF systems in
mltistatic systéms analysis or in similation with an externally generat‘ed trajectory.
The-states of the pmjectile in ECF can be tepresented by a state ‘vector, Xg, which is

_“composed- of -three position.components Xp» Yp» and zp (iR meters) and three velocities xF, YF'
-and:Zg (in meters/sec).

5.2.5 Transformation Bétwéen ESF:and ECE

Given-a state vector, S, in ESF (introduced in.section 5.2,1) and a state vector, Xps
in‘ECF- (introduced in seéction 5.2.4) the transformations between the two systems will be
established bulow.

A radar location on the earth ellipsoid model (section 5.1) is specified by:

1. longituda, ¢
2. latitude, A ‘ ’
3. 'Height above.ellipsoid, H

This location is the origin of the ESF coordinate system as shown in Fig. 5-1.
The- trm{s'f’omtions between ESF and ECF amounts to 2 rotations and 1 translation.’ They

are:

: S=AX+d )

) [ 24,2 0 -I

A= (s-7)
l 0 a(s,2) J

Each submatrix a(¢,\) is a 3 x 3 matrix and is a function of longitude, ¢, and latitude,

where A is a 6 §q6rpartitim¢<;l matrix.

- o o e e

. The other partitions of A are 3 x 3 0 matrices.

| &\:,3':5‘\:,',3";:

13
P

e s - -

N e s

e S o 1

oy

L3

" e PN
o o 4o S 4EPT

«’.’ 3
b

k%S

G205

De

Faodi

. .
52 D R

A
N
-y
Ry
g
e

,A.
e ke SN Tk s
L ST Wt DS S

Lae sed e

{ -

>

X

e il W
75 o0 L Pl SR SN QA ORTITAR

$2

P
s

{«’Q‘ Sy S T

") e
oxﬁ,@..; Ao .*»“:.&t

CATAY ~“
RN



7
A

T T T R R L R g

Y ST TR TR PR R G T
SRR AT TR - - . . - . T

- b . v . - oL

-sind cosA 0
a = j-sing cosA ~sing, sina cosd (5-8) !
COSé cosA cosy simy sing

1 7ars SRRTh e it e T e WAL

PR

TR

e

PRt
LN

The matrix b is a 6<element translation vector.

n

v Aedridlias w

(5-9)

R) = ~R, cos(¢-¢.) -H
RZ “ Re Sin(?‘ﬂc)

Re = radius of earth at radar's location
defined in section 5.1

SR

.
i
£

o4

" tmx'lt(l -cz)tnm]

RHERS

i

T A TR A AR SR TP RIS,
{or
s
o=

it - S

x

L} »

(TS

4 ) B D

. ’ ¢ = ellipsoid eccentricity defined

in section 5.1
& é . The transformation from-ESF to ECF is the inverse of eqn. (5-6).

3

. e s
W anenG e

ltn
X = 85E-b)

(5-10)

s

The transformation of a state vector §; from one ESF system to another is:

S, = AA1(S) -by) + by (5-11)

where A and L’-l are transformation matrices defined by eqn. (5-7) and (5-9) for radar 1, while

5
A, and by are transformation matrices for radar 2, and S, is the projectile state vector A
relative to radar 2. . f
Implementation ;
Each RADAR data packet (secticn 6.2.10) defines the height, longitude and latitude of the 3 :
3

radar by ITEMS 3 to 5.

I

Swroutine SETUP camputes the submatrix a and the first 3 elements of b

s,

based on eqns. (5-8) and (5-9). The 9 elements of a, taken row-wise, and the first 3 elements

of b are stored as a column vector in array RAMMR from locations RADAR(S0,NRAMMR) to RADAR(61,
NRADAR) , whare NRADAR is the packet muher.

The ECF to ESF trvansformation, eqn. (5-6), is implamented in subroutine ECFXYZ. The
calling sequence is:

CALL ECEXYZ (XFRAR, SRAR, RADAR(50,NRADAR) )

P LR . L e

% e

v

o PPy Ry

d¥axk




where XFBAR is a 6-clement array representing Xp (input) in ECF and SBAR is a 6-element array

(output) representing S in ESF.

The inversestransformation from ESE to ECF, eqn. (5-10) is given by:
CALL XYZEGF(SBAR,XFBAR, RADAR(S0,NRALAR))

The transformation from one ESF system to another, eqn. (5-11), is implcmented in sib-~

routine XYZXYZ.

- . o

CALL XYZXYZ(SLBAR,NRADI ,S2BAR,NRAD2)

where S1BAR is a 6-element array, (input) repreésenting the state vector N relative to radar

INRAD] while SZBAR is a 6-element array (output) representing the state vector S, ‘i‘rglative to

radar ENRAD2.

5.3 Equations of Mation

The dynamics used in LOCATER represent the ballistic tr&jectory of a dynamically stabilized

~

spinning piojectile in the air.

s composed of gravitational acceleration g,

The generic vector acceleration equation
Coriolis acceleration Ca» atmo_spheric(drag Qg’ and 1ift L from a yawed spinning projectile
interacting with the atmosphere. ’I‘hq reference frame for the accelerations is the ESF coordinate

system. {(section 5.2.1)

The net projectile acceleration vector .}5 is:

X = £ NS QA L+ —Qg + L (5-12)
(gravity) (Coriolis) (drag) (lift)

The 6-element state vector S of the projectile in ESF (introduced in 5.2.1) has position
components X,y,z and velocity components X,y,:. The 3-element vector X represents the
projectile vector velocity while E represents the acceleration vecter.

Each tem in the acceleration. equation (5-12) is defined below:

Gravitational Acceleration, g

e 2 ~
=g R
n e R (5-13)

g8, acceleration from gravity at ellipscidal surface. g,=9.80665 m/s2

R ’ radius of egrth at the radar origin (meters). See section §.1
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i ' { ; Ry vector from center of earth to the projectile

X
Ra=lr
2+ Re +H
H radar height above the ellipsoid (m) '
[Ry| magnitude of Ry

e

Coriolis Acceleration, Ca

e S AN S A oot sm i aden s i

€y = ~2(xd) (5-14)

{e

earth spin vector resolved onto the ESF system

o om o Kbt e

0 i
w =0 ¢os¢
R sing

P ST
TR b

34 e

-5
~ian

-

fi  spin rate of earth ol
ft is defined in section 5.1

¢ latitude of radar. See section 5.1 {

Drag Acceleration, D,

~

R ke v S A A

By = kg o Ko Y[V (5-15)

p atmospheric density (kg/ms)

rS

=,

KDO The zero yaw drag coefficient as a function of mach number, M.
See section 5.3.1,

L

k 4 drag state (m/kg)

v velocity vector of projectile WRT air,

Y=X- ¥y

& Ry

. |v] projectile airspeed (m/s)

>

T N 2 T i WSS o

LIN wind components in ESF (m/s) ]
M Mach number
M= E"-‘.
s
s velocity of sound (m/s). Section 5.3.2.
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‘ Life Acceleration, L
(RxV
1 IR 10 ¥
s ke spin state (m.lsz) ;s
3 gl
- Igl  magnitwde of gravitational accelevation Pl
kS ' é
£ Motric State Vector and Avmy Description Ex
5
E . The position and welocity statex of the projectile dn BSE, az Intvoduced in section 52,1, §
{ 1% veprosented by a 6 element state wector 8, It 1n now necessawy to include the drag, spin, ,i
“ " and wind states In the atate vector description. The augmented state vector X can now b ;
3 R
a3 definet wheve the first & elements of ¥ {8 §  The components of X aver !

XpXpaXy XYt position atatex (in meters) in HSE 3

‘-

XpXse¥g  Xi¥yE velocity states (In meters/sec)

P
=
=3 Xy dvag state Ky (in wé/kg) §
{f Xy spin state kg (m/s?’) ’%
Xq Bast wind component (w/a)
j X1 North wind component (w's) §

The {ntomal representation of state wotor X s arvay vavlable XIAT, Thore is not,

howover, a ene-to-one covrespoadence between the camponents of X ad elements of XA, The
eloments of XHAT are:

oo TR S B3 oS

2 XHAr(1) T {(sec)

.
e
e vt oy e
,
S . ey
b o 5 s Fa TS AT S

XBAT(2) , XHAT(3),XIAT{4)  x,¥,= position states (meters) in USE. Thig ;
corresponda to Xy, Xy, wd Xy ’

XHAT(5) ,XUHAT(6) ,XYAT(T)  X,¥,E velocity statex (wa)
XHAT (£, XIAT(9) , XHAT(10)

Ry uccelevatione, syncomons with the I-elenent
wctor § canpitted by subvoutine ACCHL,

YIAT(11) drag stato &, (\n‘/r\)

SVITIR . PR e o7 8 8 SR
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e et By B o E e o i Boatasda G

i

XHAT(12) spin state (m/sz)

XHAT(AY) Baat wind component {w/s)

XHAT(I) Novth wind compotent (in/s)
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XHAT(15)<XHAT (20) lnsed - veserved for future statex

If a state vactor arvay XA s thus appropriately deflued, the accelevations can be
compited by a call to subroutine ACCHL.
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CALL ACCEL (XHAT)

The accelerations ¥, ¥, and Z, would then be stored in array elements XHAT(8),XHAT(9), and
XHAT(10), respectively. See the flow chart of subroutine ACCEL in section 8.1.4.

The equations of motion, eq. (5-12), are integrated (extrapolated) by a predictor-corrector
type algorithm with a maximum Step size of .5 sw:ac::md.'1 A state vector arrvay XHAT valid at
time, XHAT(1), can be moved to another time, T, by calling subroutine FXTRAP,

CALL EXTRAP (XHAT,T)

5.3.1 Drag Force Coefficient Model

The drag force coefficient model, Kp,, used in LOCATER represents the amount of zero
yaw drag as a function of Mach mmber.
A series of drag curves have been generated for various projectile types in wind tumnel
experiments and have been validated by the processing of real trajectory measumments.4 Each
drag curve is approximated by a series of {ourth degree or less regression polynomials defined

over different Mach number regions.

The four drag curves for the shell types of 105 mm, 155 mm, 175 mm and 203 mm are

remarkably similar (Figure 5-3). Each curve has a constant value for subsonic velocities, a

sharp increase in the transonic region and a decrease above Mach 1.1.
The drag curve of the 155 mm shell (Figure 5-4) was judged to be the most representative.
A scale factor has been included to adjust the drag coefficient curve for other shell types.

The drag curve has been implemented as real function subprogram KDOMACH) where MACH is the
real Mach number.

5.3.2 Atmospheric Models

There are two types of atmospheric models used in the LOCATER program, They are:

1. Standard atmosphere

2, Laycred neteorological profile

Each type defines atmospheric density, velocity of sound, and wind components for a given
titude either by formula evaluation cr tabular interpolation.

by the METRO data packet (Section 6.2.5).

Atmospheric types are specified

Typz 1 Standard Atmosphere

Glven the altitude Hp(meters) of the projectile above mean sea level, the atmospheric
density function p in kg/m’ is:
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H, < 0 where pg is the (5-17)

alr density oﬁ the Y

. ground *(in kg/m3) i

: o = oe” W/ g ch <a0000 m |
- 400
K\ p=0 Hp > 40000 m |
: : (.5,6 :
fi-. The velocity of sownd function V_ (in w/s) is:™? :
i ~ Y
< "5:
: . V = -.0039375 H + 20.0468(Ty) /2 (5-18) d
where Ty is the gromnd temperature in degrees Kelvin, !e

°3

e ‘3
5, The wind components for the TYPE 1 atmosphere are a constant function of altitude H,. The 3
e 5
v defsult values for the METRO data packet are: .
248 3
‘.:". %
py 1223 kg/m>  gromd air density i
Tx 284.8°K grownd temperature " ‘
%
Wg 0.0 m/s East component of wind '3
4
Wy 0.0 m/s North component of wind %

Type 2 Layered Meteorological Profile

Taia e
fl b

Standard sondes taken by weather observation stations measure atmospheric pressure,

tenperature, wind direction and magnitude every 100 to 250 m in altitude or at 1 minute
intervals.

5 e
SARA e ARy o ? oY

!
i
- The data to be used by LOCATER must be converted to atmospheric density (kg/ms), i 1
. L
temperature (deg Kelvin) and East and North wind components (m/s). ; M
. b
& A sanple "MET" table is: H 3
'}{ ’2
| Height of Density Height of  East North Py
A and Temp Temp Densit Winds Wind Wind I
Eo () X (kg/m3 (m/s) (m/s) (m/s) i
0.0 300.73 1.16797 0.0 -3.7495 1.1118 £
b ! 304.8 299,83 1.13433 304.8 ~2.5638 ~1.3424 .
; . 609.6 297.39 1.1059¢0 609.6 -1.3125 -2,5714 #
s 914.4 293,96 1.08120 914.4 -0,1536 ~3.0598 "’5‘
i 1219.2 292.43 1.04967 1219.2 0.1701 -2.9015 2
5 1524.0 290.49 1.02037 1524.0 -0.0444 -2,8546 A
1828.8 288.63  0.99163 1828.8 -0.3735  -2.4936 3
3% 2133.6 286.99 0.96250 2133.6 -0. 8256 -2,9002 %
o 2438.4 285.23 0.93493 2438.4 -1,0068 -3,4127 4
- 2743.2 283.73 0.90670 2743.2 ~1.0664 -3.5984
i 3048.0 282,16 0.87890 3048.0 ~-1.2161 -3.5510 ‘jfﬁ
e 3352.8 280,59 0.85177 3352.8 ~1.5483 ~3,2232 4
g 3657.6 279.19 0, 82483 3657.6 ~2.0625 -3.1227 N
A 3962.4 277.43 0.79957 3962.4 ~2.2255 -3.0280 4
-3 4267.2 276.06 0.78370 4267.2, ~2,2891 -3.4152 ¥
E 4
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This type of meteorological profile is input to LOCATER with a METRO type data packet.
See section 6.2.5.

S.4 Measurement Generation

The equations of motion described in Section 5.3 are used by the trajectoxy generator to

produce an unerrored projectile trajectory. This unerrored projectile trajectory is converted

into radar measurement coordinates and certain radar errors are added to the unerrored value.

This section describes the generation of those radar measurement errors and the statistical
models used.

LA

|

5

5.4.1 Random Radar Measurement Zrrors
The generation of random errors is accomplished using a random number generator k!

S

which produces normally distributed random numbers,

X
"

i

.
tes

The user can specify the random number

sequence to be used. This is helpful when it is desired to repeat a particular random number
sequence.

3

This random generator is used for producing random errors which model the 3 sources
of error described below.

Bias errors are modeled as random variables with a zero mean and a standard deviation

>, N L LY, e 3,7 =
T R L

specified by the user in the radar model description for each measurement dimension of the

R
ek

4
radar. At the beginning of each Monte-Carlo run, a random number is selected from the ?
specified statistical distribution, this random number is used throughout the trajectory 3:,;
estimation for that particular Monte-Carlo experiment. Thus, if 20 Monte-Carlo runs were made f
20 different bias values would be used selected from the appropriate distribution. Although é
not a part of the statistical specification it is possible to simulate biases with zero means
by using provisions in the estimation process that was originally intended for removal of '«f
known biases. i

Thermal noise is usually the dominant source of random error in radar measurements. The j;%
effect that thermal noise has in degrading radar measurement is directly proportional to the ‘;i
ratio of signal-to-ncise power level, Accordingly the thermal error is modeled as a zero mean 3
normally distributed random error with a variance that is inversely proportional to the signal- é
to-noise ratio. Formulas of this type can be found in Barton Radar Systems. For each of the i
track measurement dimensions, the general form of the themmalierror is given in equation 5-19 é
or is the standard deviation specified for a zero dB signal-to-noise ratio. The signal-to- }
noise ratio itself is modeled as a finction of the radar sensitivity and the radar cross ;
section, opcs {equation 5-20).
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c.rN(J)
e.r - —-m—- (5*20)
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Note: 1, is the reference range of the radar system which is the range for which the radar

system would obtain a wnity signal-to-noise ratio on a one square meter target. Because the

random thermal errors are independent for each track point we must generate a new random nuwer
from the distribution for each track measurement.

Instrumentation errors also called jitter or range independent errors are also present in

each radar measurement dimension. These errors are usually a function of the basic precision

T R AT

with which the measurement is made and are thus assumed to be constant regardless of the

signal-to-noise ratio. These errors are modeled as a zero mean normal process with a standard

deviation which is constant regardless of the target range. Because these ervors are

independent betueen track point measurement we must generate them for each track point. Thus

the total random error equation 5-21 is given as the sum of the three independent components,

paw ™ eB(J) tepteg (5-21)

ERET s PO

5.4.2 Multipath Errors

Multipath errors vary from sight to sight and from one azimuth direction to another.

We have assumed in LOCATER, however, that the multipath errors are fixed and can be modeled

deteministically. Two methods of modeling multipath errors have been included in LOCATER.

T p Y S PSS Y IO

N g e te
Py Tl s 50

Each model effects  only the clevation measurement of the radar. The firvst method is to

provide a functional form for the error which is added to the true elevation e to get the

AT

multipath clevation measurement e, This expression for the multipath error is designed to be

v,
AT

o

g

representative of typical specular multipath. One can see that the cxpression in eqn. 5-22 -1
is a good approximation to a measured multipath error by observing the approximation shown 5
“ -

s . T3
in Fig, 4-1, >3
i

V;’i

n .22 i

e =e ....fm(c) (5-22) ;

Multipath error equation *

The second method of modeling multipath error is to provide a table look up to translate

3
3
the true elevation generated into an equivalent multipath measmiement for clevation (5-23). %
. vi ’?A
2 3
3 - -23 N
38 ¢y fm(c) (5-23) g 3
o :
. : g
5 ;.
T |
£L . § A
: b
3
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This slightly more general approach allows one to model multipath errors generated from
multiple specular reflections or to model multinath measured at an actusl tactical sight.

Both of these methods for generating multipath errors use only the true elevation e. Whereas,
in practice, one may find variations in the multipath error as a function of the azimuth as
well, The pn;sent facilities for modeling multipath are probably adequate for determining the
worst case effects of multipath on wespon location accuracy. In the future one might be
tempted to extend the modeling of multipath using eqn. 5-22 along the lines of the bias errors

making the coefficients in eqn. 5-22 random variables selected from a distribution for each
trajectory to be modeled.

5.4.3 Tropospheric Refraction rrors

bhen tracking projectiles at low elevation angles (under 400 mr), the radar measure-
ments include a bias resulting from the refraction of the radar signal in the atmosphere. The
result is that the target appears at a higher elevation and at a greater range than its true
position. See Figure 5-5a.
The low angle refraction of a target at 30 km slant range results in a 10 m greater range
and a 0.65 mr greater elevation which translates to a 22 m position error. Barton and Ward®
have published corrections as a fimction of measured slant range, r, and clevation angle, e

(see figures 5-5b and c).

In order to model refraction errors in the LOCATER program, these curves have been reduced

to the approximate formulas shown below:

-1
AT = kl[kze N r'l] meters (5-24)

where k1 = 3x 10'4
k, = 1,25 x 107%

11
ac, = kl[kze +r 1] radians (5-25)

where  ky = 2,25 x 107
ky = 8 x 1070

In the above formulas, slant range is in meters and elevation is in radians. Both r and e
are taken to be the measured values; however, no significant error results from using the true

value to calculate the error to be added for simulation purposes. The refraction errors

calculated using models (1) and (2) above are shown as triangles (10 mr elevation) and circles

(400 mr elevation) in Fig. 5-5B, Agreement is quite good in the region of interest for projectile
tracking.
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The errors generated by the above expressions have been added to the range and elevation
measurements, respectively. 'Ihgy are useful for modeling the effects of nominal uicorrected
tropospher‘ic refréction errors. Althpggh a tropospheric-refraction is the result of highly
variable aifnoép}léﬁg conditions we. have not attempted to model them statistically. Neither

have we used the above odel to remove-assumed “nominal refraction errors from the estimate.

5.5 Miximm Likely Estimation

This sé&im describes the solution und implementation of the maximum likely state vector
estimation problem. The theory has been developed elsewhére.l

For a set of real or simulated radar measurements it is desired to determine the trajectory
which best fits the radar méasurements in a weighted-least-squares sense. "Ihus we can-predict
backwardS in time- (backtracking) to its intersection with the terrain.

The State vector estimation process has been genéralized, so that we can, at our option,
determine any states (parameters) of the system, e.g., lawmch positions, velocities, dragf,
S};in, ground wind conpox{ents, radar biases or a functional multipath model. Not all these
states can be estimated simultaneously, but depends on the radar-weapon geometry and measure-

ri;ent capabilities of the radar.

5.5.1 Maximm Likélihood Estimation-- Solution and Implementation

Given a set of riadar measurements, Rpy» we would like to deteymine the 'hest fit"
ball;}stic trajectory through the daéaa such that the weighted differences between the measurements
and estimates of the trajectory-are minimized, where the weights, wti’ ‘reflect‘our “confidence"
in the measurements. Then we have obtained our maximuwm likely solutiom.

The measurement vector, Bﬁ, refers to a vector of range, azimth, elevation, and doppler
observations taken by radar £ at the time t;. This formulation will allow ...g22 or multi-
static sensor anaiysis with either simultaneous or nonsimultaneous measurements.

The measurement weights, Wﬁ» are t}\enselves functions of time and radar measurement noise
errors and are described in section 5.5.4.

The estimates of the trajectory, denoted by E&i’ are determined by (1) extrapolating the
current "best fit" state vector, X, in the ESF coordinate system, to the time, t;, of the
measurement and (2) transforming the position and velocity components of X to the measurement
space, RAE, of’radar £.

The maximum likely equation (MLE) is: we would like to to minimize the quantity Q,
where
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i
;

Q i§ the total weighted squared residual

,Nl is the number .of measurements taken by the frst radar (£=1)
Nz is the mmber of measurements taken by the sevond radar (£=2)
NC is the number of measurements taken by radar £

. N is the total mwber of measuremants N=Nj+Ny+ ... Ny

i is the measurement mwmber denotihg the measurement time, X5,

-~

The stace vector, X. (introduced in section.5.3) contains the position, velocity, drag,
spin, and growd wind states of the projectlile in the ESF coordinate system of the base radar
(Ew= 1).‘ It is these states of X that we wish to detemmine; then we have obtained our maximum
likely state vector, X. The 3 position =tates and 3 velocity states of X are represented by
a 6 element state vector, S (introdnced in section $.2.1).
‘ Tc Solve eqn. (5-26) by an iterative technique, we assume that é-ti is a set of measurement
estinates for the }cth+i iteration and is composed of two temms: (1) the estimates for the Kt

iteration and (2) the linear perturbation, SRp;» to the set of current estimates.

By = By * Sy (5-2)

‘We must now Jefine the wctor of measurement pertwrbations, 8R,., in terms of a set of
k —i

perturbations, §§i, to the state vector, §, extrapolated to the time, t;, for the basc radar.

-_.L ¥ The nonlinear tyansformation, f, for a 6-element state wctor, S from BSE to A has
;’ beeh developed in section 5.2.3 by eqn. (5-2). The state vector § is wlutive to the base
3’; radar while $, is relative to vadar L.

A%

ég = £(Spy) (5-28)

The i sub=cript on _S“,'1 indicates that the state wvector S has been extrapolated to the time, 4
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Upon differentiation of eqn. (5-28)<we obtain .

3£(Syy)

- S . -29) B

where

‘GRE. sét of perturbations to the radar measuremént estimates at the time t; ) ) "
. relative to radar £ :
A (Sps)

—r is the Jacobian of the transformation, £

0
53

The Jacobian, _—a_LS_i_"‘"hiCh hereafter is called Cp; is a matrix with maximm dimensions

;{‘
5 &%

B

8Sp3 set of perturbations to the state vector S at the time t; relative ;
to radar, L i
f
3£ (Sys) P
!

of 4 yows by 6 colums and must be computed for every time t;. The terms of Cyy are eéviluated
in section 5.5:2 and is computed by subroutine MLEC.
Eqn. (5-29) expanded is:

or] [5x]
) 4
a
[
= Gu f (s- 30)
se 6x
8y
By i 62, 2

BEquation (5-29) will now be modified to relate the state vector perturbations, ﬁi’ for the
‘base radar.
Bquation (5-11) relates the tran$formation of a state vectf)r, §ﬁ, relative to radar £, tc

another state vector, S;, relative to the base radar at the time t;.

= tee . .
Sps = A A5 -D) + by (5-31)

where

. 3r

Ap and b, are transformation matrices defined by (5-7) and {5-9) for radar L.
A%and b five also defined by (5-7) and (5-9) for the base radar.

»>
.y
«

> .
I8 ere S o

it d

Upon differentiation of eqn., {5-31)

P

% Bet

s - A at i &
; 8Sp; = Ay A 88 (5-32) 3
- ;},gs

I1f £ is the base radar (£=1), I_\L l_\t = I. The MLE rewritten by substitution of eqn. (5- 32), ;3

e

(5-29), and (5-27) in (5-2€) is:
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1

The transformation of the B/M wvector, a, to the measurement space RAE is described by the

transformation, F(a), where the components cf F are:

e . (5-37) ‘

~ Fz - &z . i = : A

F3 = ag + ag.cos(age; - a7) o H

) Fy = 3 ‘

&, is the estimate of elevation at the time tj relative to the base radar. §

(The 3rd component of Ry; with £=1) o

: £

3 The B/M component, ag, corresponds to the amplitude of the multipath, while 2n/ag is the S
¥4 period (radians)-and a;/sg is the phase (radians). i : %
A Bquation (5-27) modified to include the bias/multipath estimates and linear perturbation g
;: is: fi
3 a
- By = Ry * SRyy + E(@); ¢ E(@); (5-38) %j
5 - 44
C where §F(a); is the perturbation to the current set of B/M estimates F(a);. The absence of the ;*
£ as a subscript indicates that a is relative to the base radar (¢=1). f
,, The perturbation _g!_’_(g)i expressed in terms of a perturbation of the B/M vector, a is ﬁ]
3 3F(a); 2
E@); g & (-39) g
4 - :’é
{ 9F(a); :
2 33 is the Jacobian of the transfonmi:ion, F, eqn. (5-37), and is 2
5 - time dependent. R
ﬁvg’ s ?i
P sa is the perturbation to the current estimate of the BMM vector, a. £
= § F(a); :‘
2, . The Jacobian, 5 is sparse; the only nonzero temms are: &
S B 4
3 aF, §
5 Fa. = 1 (5-40) ¢
1 o

= F 2
3 52

__2 = 1 1

] 3a, a
5. F g
; aF.
J w3

Y = = 1 S}
3 dag #
:"- 3"-:1 = 1 ?‘f
;- an,
: ‘ oFs . 4
i 3’? = cos(age; - a;)
o aF ;
2 53—3 = -ace; sin(age; - ay) L
5 6 P
& aF5 (0.8 : o
Sa —= = a. sin(ace; -~ a i}
":: 337 ) 61 7 :’(

; 47
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The matrix gn{\cz;\t will henceforth be denoted by (:'Z‘,i

N
o ? ﬁ[&i "Ry - Gy i‘ii]t‘i’u[&i " Ry - Gy §§,] (5-34) .

ihe inner summtion is over the number of mensurements and the outer summtion is over the
number of radars.
The next step in the solution of eqn. (5-34) is tc relate the perturbation, 354, at the

time t;, to one portwhation, Xy of the state vector X at an arbitrarily specifiod time, t

Q)
called the reference time.,

It mst be vemembered that § vepresents the G-clement position wnd
welocity vector of X

This relationship is achieved by means of the state transition matrlx, o0 Where

85 = 40 & (5-3)

The matrix, gio.‘hns maximm dimensions of 6 rows by 10 colwms and is described in section 5.5.3
and computed by subroutine MLEPHI.

Kquation (5-34) with substitution of (5-35) Lecomes

N
' . ' t - "
Q- ; g[ﬁﬂ ) B&i N gt.i o .630] wa[ﬂu = Bu = by gio _6}0] (5-35)

Radar Bias Estimation

For certain situations, we wonld also like to estimate other paramoters of the radar-

woapon system. ‘These other states would include radar measuremont biases and a fimctional

muitipath model for elevation only for the base radar. See Section 5.4 for simulation of

¥
these biases.

To account for these offects we have intr. duced a bias/multipath (B/M) state vector, u,

to be estimated, This is not to be confused with the ECI to ESE trans formation matrix, g, The

components of a are:

4y range blas (meters)

1, azimuth bias (radians) .

ag clevation bins (radians)

ay doppler bias (meters/sec)

ag multipath I\n parameter (radians) -

g multipath By parameter %
4

8, multipath G paramoter
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The MLE, eqn. (5-36), with bias/multipath terms inc):ded by substitution of eqn. (5-39)
and (5-38) into (5-36) is: H
N oF t 7
5 ' @)y }
Q= L3[Ry - G tio B, - E@; - gt an) - (5-11) :
1 —
”Ui 1 ¢
[} XA
Y’zi{él‘a - Sy 410 &, - L@ - sa, }
3
where R i is the difference between the measurements and estimates after k iterations. g
Ry = Ry - Ry i
A Priori States 3
We would also like to include i» the MLE, eqn. (5-41), prior knowledge of certain states 'i
in X, This a priori knowledge may be available from veconnaisance or previous history and may, ‘\
3
for example, include projectile type and hence its drag and spin characteristics. ’;
Equation (5-41) with the tems for a priori states is B
K
Q- %, - )T e - & + (5-42)

[ad

N al‘(a)
g“‘ - Gy fio &, - E@)y - -“-‘-‘-] Yog

aCo— e

t
(88 - Gy 410 8%, - E@)y - =t

—

8Fk_) ]
The a priori terms in oqn. (5-42), the residual

error function Q, has been developed
elsew#nere.1

2

We introduce the state vector X, which contains. the a priopi states with an associated

covariance matrix Mo+ The compenents of )Sa are similar to X (described in section 5.3}, The

inverse covariance matrix, P;l;l, is a diagonal matrix of inverse variance: of the respective
states in 2(41 The pertusbaticn vector,

e -
- & 73, < P S
" e ] et e g Y Wl
G Bozpren S oDl Bredad A ez il

i

8X,» is defined as the difference between the u priord ; <

£

state vector, za’ and the current estimate, X, after k iterations.
=» - el »,}

X, Xa X 75-43) 3«51

) i

MLE Solution N
Given the MLE; eqn. (5-42), a metric state wvector, X, valid after k iterations, we can

» A

solve eqn. (5-42) for the linear perturbations, 8X, and da, by minimiuation of eqn. (5-42) with ,,;
Ki

respect to the perturbations. We will then update our current best estimates, X and a, by their { ,f
3

appropriate perturbations and test for convergence. Z}
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The cime dependency, i, and radar dependency notation, £, will now be dropped from
eqn, (5-42)

Q= [, - i’-‘n]t Vo' [ex, - ) + (5-44)

N . ar@ t
Llm-c oo, E@ - Sse] v

3_1‘.(&_)
[AF- ¢’ ¢ 8 - F@ ——5-—6&]

where the summation is over the number of measurements for all radars, N.,

The partial derivatives of Q, eqn. (5-44), with respect to §X  and éa are given by
eqns. (5-45) and (5-46).

- [ - cx]t I (5-45)
36_0 —0 -4 ~0 (_
N OF(a
- > t .
AR -C ¢ 8K, c] wI-g' o]
i 3F(§) a
=" Z[AB - ¢ e 8 - F@ - Gu] \g[ Ja-:al—] (5-46)

N 3
By setting the partial derivatives & and % to zero and collecting terms in X, and sa
we then obtain

oF
[.' + Z(C Nty ¢ @]s’( + [Z((" 9ty (a)]i‘l'

N
e, + T ot R (5-47)
N f3F(a)\t N HpFNt . 3F(a)
[’Z(—-—;ﬁ‘) W ¢ dax, | (3') -
3 () ‘ ]
( i ) W (AR - E@) (5-48)

The terms §X and ga have been removed from the summations in cqns. (5-47) and (5-48) as

they are constants. Rquations (5-47) and (5-48) are recognized as simultaneous matrix equations

with unknown vectors, $X, and $a,

The inverse covariance matrix, {"1, is thea defined as a partitioned matrix using
eqn. (5-47) and (5-48).
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The residual error matrix, B, is also deflned as a partitioned matrix..
=1 N o t Gt
T AU NG AR o
Bm femememccacacenans —~eemeane - (5-50)
Y ) 35@ t t
=5 Y @R - F(@)
; The wnknown perturbations X and $a are defined as the partitioned matrix W,
;
8X
e =22 (5-51)
da
This linsar system of similtanecus equsations
plev=p (5-52)
% can be solved for &V by inverting the inverse covariance matrix, I_"l, and postmultiplying by
; “ the residual error matrix, B.
e | =@ hHlpgeps (5-53)
y:3 1
e |
g l This method of solution b inverting the inverse covariance matrix is desirable if any of
k- the terms in the covaviance matrix, P, are to be examined, however, using a standard simultan-
eous equaticon voutine minimizes the accumulative rowmdoff error as less arithmetic operations
are required.
The current metric state vector, X, and the bias/multipath state vector, &, are then
wpdated by their appropriate perturbations, 8X, and $a, and checked for convergence.
:lk
L X=X+ 8K (5-54)
2
a=a+ga (5-55)
2
e Inplerentation
4 The maximm likely estimation problem developed in the first part of section 5.5.1 is
s
y implemented in subroutine MAXLIK,
i
=
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The remainder of this section is to describe the matrix namés, dimensions and give an

d _ overview of program coding for a maximum 1ikély estimator.

Ty
Syt OO e

T

The following sections should be referred to for additional information on the implementa-
tion.
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Section 8.3.2 Labelled common variable definitions
Section 8.1.3 MAXLIK flow chart

Track File

The measurements track file, Rpi» introduced at the beginning of 5.5.1, is stored in array

RMEAS(300,14) in labelled common MEAS, and allows a maximm of 300 measurements. The measure-

ments are sorted in increasing order of time if the radar is a multisensor system,

The program run mode determines the source of the measurements. For real data analysis

the measurements are read in by subroutine REAIMD, for external .trajectory simulation. the

unerrored measurements are read in by subroutine BRLIN, and for complete simulation the
wnerrored measurements are generated by subroutine GENER. Subroutine FNVNSE then simulates

radar noise to corrupt the unerrored measurcments. Refer to MONITR flow chart in section 8,1.2.

The colum description of array RMEAS are:

546 g TERE T 5 5
B R T e Iy
-
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e S R P B Wt e,

g

COLUMN DESCRIPTION 3

—_— R — 2

1 Track time, ty (seconds) «!{

2 Range measurement (meters) 2

3

3 Azimuth measurerent (radians) ;

B3

4 Elevation measurement {radians) ] ,%

Pod

5 Doppler measurement (meters/sec) j

10 Signal noise ratio (SNR) in dB § ,>s

S

1 Radar nuber 2 Bt

4

g

The signal noise ratio is computed by eqn. (5-64) umless it is measured. 4 g
%

Measurement Weights . i
The measurement weights, Wpy» are computed by subroutine WEIGHT according to egns. (5-61), : ?’5
(5-62), and (5-63) and stored in the following colums of array RMEAS: 4
2

a3
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6 Range measurement weight

B N T TOR APRp

Azimuth measurement. welght

it

8 Elevation measurcment weight
9 Doppler measurement weight

MLE Initialization
The initialization of the MUE is controlled by the ESTIMATOR data packed which is described

in section 6.2.3. ‘'The packet controls determine the initial metric state vector, X, the bias/
multipath vector, a, and which states in X and a are to be estimated. The initialization is

implemented in subroutine START which is composed of 4 parts.

1. Detemine the initial state vector, X, which is intemnally represented as array
XSTRT, X can be derived from 3 sources:

a. Extemally specified by a VECIOR data packet.
b, Determined from measurements by regression.
c. Use the nominal states in the WEAPON data packet.

2. Determine which states in X among them positions, velocities, drag, spin, and
grond wind components are to be estimated and are controlled by ITIMS 8 to

17 of the ESTIMATOR packet. ‘The 10 switches are stored in an ayray ISTAT1. If
ISTATI(I) is 1 then estimate the corvesponding state in X. The maximm number

of states that can be estimated in X is variable NSX which is currently sct at 10,
The number of states in X to be estlimated for this mm is variable NS which

ranges from 0 to NSX,

3, Determine the initial bias/multipath state vector a, which internally is
represented by variable ASTRT. ‘The components of & are identical to ITEMS
27 to 33 of the RADAR packet for the base radar.

4. Detemine which states in a are to be estimated. This is.specified by a series
of state estimation switches (ITEMS 18 to 24) in the ESTIMATOR data packet.
This array of 7 elements is intemally stored as variable ISTAT2. If ISTAT2(I)
is 1 then estimate the corresponding state in a. The maximum nuber of states
in a to estimate is NPX (currently 7) while the number of states to estimute
for this mm, NP, varies from 0 to NPX,

Measurement Editing

The measurements in the track file can be optionally edited (rejected) and is controlled
by the EDITOR data packet (Section 6.2.2). For zach measurement, a data quality indicator flag

will be stored in colum H#12 of array RMEAS, The flag has the following significance:

FLAG SIGNIFICANCE
0 A1l good observations
1 Measurement was dropped by a pre-fit test. Each measurement component

is fitted to a sliding polynomial and if any observation deviates
from the mean more than 4 sigma, the whole measurement is flagged.
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SIGNIFICANCE :
The signal noise ratio (SNR) of the measurement, either measured EP
or computed by eqn. (5-64), is less than some specified threshold

set by ITEM 24 of the appropriate RADAR data packet,

The data edit tests (Flag 1 and 2) are done before the trajectory
fitting process.

After initial convergence of the estimator, the average weighted .
track residual and sigma for each measurement component is determined.

Any track residual which deviates from the mean more than a specified

sigma will result in flagging the measurement.

MLE Accumilation Variables, Ban. (5-49) and (5-50

A major part of stbroutine MAXLIK accumilates the inverse covariance matrix, 9'1, and

residual error matrix, B.

The following scalar variables represent certain constants in the MLE, and are located in

labelled common MLE1l, MLE2 and INFO.
Variable
Name Value Description
NR 6 Nurber of terms in the state vector, S.
X 4 Maximum number of observations for each measurement.
NM 1 to X Number of observations in the radar measurement space.
NSX 10 Maximum number of states to estimate in the metric state
vector, X.
NS 0 to NSX Number of states in X to estimate for this run.
NPX ? Maximum number of states to estimate in the bias/multipath
state vector, a.
NP 0 to NPX Nurber of states to estimate in the bias/multipath state
vector, a.
NSp NS+NP Length of the residual error Tatnx, B, and order of the
inverse covariance matrix, P7%,
NSPX NSX+NPX Maximun value of NSP=size of inverse covariance matrix, P~ 1
and residual error matrix, B.
MC The number of Monte Carlo runs equivalent to ITEM 1 of the
MISSION data packet.
NRUN 1l toMC The current nm nunber. ,
NPTMAX < 300 The numer of measurements in the track file. This is {
symbol N in eqns. (5-49) and (5-50). ;
NPT 1- NPTMAX  The current measurement mumber. -«
NITER The current iteration number.
'
The matrices in eqns. (5-49) and (5-50) and their equivalent FORTRAN variable array names ' ?
are specified in the following table.
i
L
;;};’ 5
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Math Arvray
Synbol Name
B ERROR
¢' ¢
sa DELAT
2R DELR
8X, DELXA
X DELXO
a—%g‘l DFDA
3 AT
M 0
pl COVAR
¢ PHI
W W
X SVXHAT

compute each partition of the inverse covariance matrix, P~

operations are implemented using general purpose 2-dimensional matrix manipulation subreutines.

This amounts to a slight overhead in CPU time but increases coding legibility,

Math
Syrbol

Maximum

(NSPX,1)
(NMX,NR)
(NPX, 1)
MK, 1)
(LXHAT)
(NSX, 1)

(X, NPX)

(NPX)
(NSX)

Dimensions

(NSPX, NSPX)

(MR, NSX)
(X, NMX)
(LXHAT)

Array
Name

PTRB
H

DI
DFTW

XX4

Dimnstons  Rostine
(NSP, 1) MAXLIK
(M, NR) MLEC
aw,1) MAXLIK
WM,1) MAXLIK
ad) APRIR
s,1) MAXLIK
(M, NP) DEAMAT
(NPX) MAXLIK
(NS) APRIR
(NSP,NSP) MAXLIK
(NR,NS) PHIMAT
OO, NM) WEIGHT
(1d) SETRND

Maximm

Dimensions
Larehsions

(NSPX, 1)
(\MX,NSX)
(NSX, NMX)
(NSX, NvX)
(NSX, NSX)
(Nsx, 1)

(NPX, NMX)
(NPX, NMX)
(NPX,NPX)

(NPX, NSX)

1, and error matrix, B.

Output

SECTION #

4
3,6,8,9

The following list of matrix names are partial products of the above variable 1ist used to

Defined

Dimensions

(NsP,1)
QW NS)
(NS, \)
(NS, NM)
(NS, NS)
(NS, 1)

(NP, NM)

(NP, M)

(NP, NP)

(NP, NS)

i3

The matrix
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The a priori tems in eqn. (5-49) and (5-50), ML and M.} 6X,, are defined in subroutine
APRIR. ‘ -

After eqns. (5-49) and (S-)SO) have been accumulated for each good measurement, the inverse
covariance mtrix, I_"l, is inverted by subrou—tine MATINV, and post multiplied by the error
watrix, l}; as related by eqn. (5-53). i

The partitions, _§§o and éa, of the perturbation &V are t};en defined by eqn. (5-51). The
current state vectors X and a are then updated. by their respective perturbations X, and da

as given by eqns. (5-54) and (5- 55).

Convergence Testing

The convergence of the state vectors, X and a, is tested at the end of each iteration
according to a specified option and value as specified by ITEMS 5 and 6 of the ESTIMATOR data

packet.

The position or velocity -state convergence test is

&%

se'’
m.

m is the respective component (1 to 6) of )9

€' specified convergence value

For other estimated states the convergence test is a fractional change of the estimated

state. .

1A
m

wllg
g
Ia
n—

m iepresents the respective component of X or a

¢' is a fractional epsilon change

The convergence test is implemented in subroutine CONVRG.

Output
The remainder of MAXLIK is exclusively output, that is, in generating SECTIOM 3 to 8 of
the LOCATER REPORT. Each SECTION is described in section 6.7.
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SECTION #
3 Convergence performance of estimator.
. Variables output are:

X  metric state vector
&X, perturbation to X
a bias/miltipath vector
da  pertwbation to 8

4 Durp of radar meastirements and weights, Re;, LIYE in the track file,

) Covariance matrix} P, and correlation coefficients,

6 Launch point velocity vector of X X and weighted squared residual statistics, Q.

- 7 Track residuals, aR, and measurements, &ti’ for each measurement component.
8 Estimation statistics for drag, spin and wind states of X, and all states of a.

.- 5.5.2 Perturbation Transformation Matrix from ESF to RAH
.  E(Sy) .
This section evaluates the Jacobian matrix, "5'3_;{'_ , in the transformstion from a

state vector perturbation, ¥Ss;, in the ESE coordinate system to a perturbation, GRE- , in the
RAE coordinate system at the time ty, relative to radar £, ‘The perturbation, $S,;, has
components &X, &, 82, §%, 8, and §2, while the perturbation SRy, has components ér, &a, S,
and 6%, The perturbation components §a and §e are not considered as azimuth and elevation
time Tate of change, a and é, are not directly measured by the radar.

The nonlinear transformation, f, between a state wector, §t.i’ in ESF to a state wector
R.. in RAE is described by eqn. (5-3) in section 5.2.3.
= 3£(Sp5)

The Jacobim of £, —ge—=— is a matrix with maximn dimensions of 4 rows by 6 columns

=

and is composed of the following elements:

%—’\; a cos(e)sin(a) (5-56)
ar .
¥ cos (e)cos (a)
M . o
= sin(e)
a - N n k)Y w 6
33 2
%% = cos(a)/ (r cos{e))
da
w " -sin(a)/ (r cos(e))
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-2-9_- »  «sinfa)sine)/r

axX

%3" = -cos(a)sinfe)/r

3¢ .

T - COS(Q.)/T

o Je 3¢

-2 T A

g_‘r: = cos(e)eos(a)d - sin(a)sin(ejd
-:—;—} = -~cos{e)sin(a)a - sin(e)cos(a)e
32 cos (e)e

= cos(e)sin(a)
cos {e)cos (a)

= sin(e)

A A
a

Implementation

The Jacobian is intemally computed as array C by subroutine MLEC and must be computed
for every measurement time in the track file. Subroutine MLEC computes only those vows that
are necessary in the C matrix, that is, those rows that are finctions of the measurement space

for radar (.

For example, if the vadar only measures azimuth and elevation, the C matrix would be:

2 3 3 3 2
c= X ¥ W W ¥F A
d & Je 3de 3¢ 3¢

3 Jy o 3 I} I}

5.5.3 State Transition Matrix

For our physical system it is necessary to introduce a relationship between state
vector perturbations at the times of the measurements to state wctor perturbations at an

arbitrarily specified reference time. This relationship is the state transition matrix, ¢,
vhich is defined as:

Mt ,t ) ~ () {5-5°3
=\itto T, 4

58

iy, R e AR SRS T

s A

N S L R

-

¢

3

e

P R e R T N ey e )

",
s wrt

N

and -
i A T b P2 AT AR

vy
S

o

SR BT e T

ity 2 2SS o S e, AE0

:

A

oy GRS i 2 L s T it rad

bl s onis B0t S

st

. i &
B8 578 rasin enn b anon s skt o st bsbe Chnenst ke b Bl




i
%

B
¥

e T S Y RS T R YRR
. it AP s I e Y F N ?uc)«ajtf,,,-, B NF ,4,":%!‘-’ B :%3 k[{né-»l\ }'A e X AN NG Y iy :'f’a: -

£ PR e L T T v R R O T Y R I C e e ‘
7 oy
R
N 2
o 3
74
B t; is the time of the measurement 3
A A
% . t, is the reference time g
o
&
X  Is the metric state vector containing position, velocity, drag, 5
spin and wind states (introduced in section §5.3) . ,g
.’1

~

)
A perturbation ﬁ(ti) in the system is then related to a perturpation i)i(to) by

14 N
S o FEC AN

et ot e ntendh al sl

SX(tg) = 8(t; t)K(E,) (5-58)

o

A tedwique used to calculate Q(ti,to) is:

o

1. Start with the current state vector X(t ) at the reference time, t_. For all

NS states that are to be ectimated, '&‘u;y?icate X(ty) NS times yield?n an tﬁmgmentcd
state vector matrix Xno(t.) with NS colwss. The Lth component of the MM state
vector in Xjng(t,) is IM(go) where M varies from 1 to NS.
2. For state vector M in XNS(tO) we want to estimate the Lt state component..
Add a small perturbation, dX;, to the L'h compcnent of the MU state vector

in Xyg(to) calling the result Xpy(t,) where the prime indicates perturbed
states.

s

P LU R TRy, Ly

Xip(to) = dX; *+ Xpy(t,) (5-59)
3. Integrate the current state vector X(%o) and each state vector M in s (to)
to the time of the measurement, t;, giving X(t) and Xyg(ti).
4. The LM element of ¢, °IM(t;_’ to) is then

K]
() - %@

omltyty) = HECRIED 4 N

(5-60)

L v e min e 3 ¥stmeanyi e

Note: The ma, -ix ¢ must be computed for each measurement in the track file,
except for multistatic simultaneous measurements.

‘the ¢ matrix is intemally called variable PHI and is computed by subroutine PHIMAT.

5.5.4 Measurcment Neight Matrix

The set of radar measurcments, Ry is a vector consisting of 4 observations (range,

azimuth, elevation and doppler) for the £th radar at the time t;. The measurcment weights,

!li' is the inverse of the measurement covariance matrix V_V;_} associated with the measurements,

Rei

.3

The weight matrix, Woi» is a diagonal matrix with each tem being the inverse variance

cf the respective observation, and is computed by subroutine WEIGHT,
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1/°e 0 4
0 l/og ’
where : 3
2 2 2
T Ot /SR
z _ 2, 2 .
% 9y * oa1JSN:'{ i
) 2 (5-62) ,
% ™ %g* oe.lJSNR
2 2,2 ,
op iyt opy/SR

9.3 is the sigma of range-independent rangs measurement noise (m)

0ay 1s the sigma of range-independent azimuth noise (rad)

e i o s %

Uog 1s the sigma of range-independent elevation noise (rad)

92y is the sigma of range-independent doppler noise (m/s)

The range-independent measurement noise sigmas are specified by ITEMS 19-22 of the KADAR
data packet for rvadar £.

28 PR A DAY v, Bl TS st W v vedh o 3 NLeanntr O e gt A L def e 3 5 e

PSR T Loy Rt PR B g

L is the sigma of range-dependent range measurement noise (m)
SaT is the sigma of renge-dependent azimuth noise (rad)

Oor is the sigma of range-dependent elevation noise (rad)

v hsrwe aao ki

Prorwy

oz 1s the sigma of range-dependent doppler noise (m's}

The range-dependent measurement noise sigmas are specified by ITEMS 15-18 of the RADAR

data packet for radar £. ‘

The signal noise ratio (SNR) is based on range to the fourth dependence.

f IR -
UM AL AR s WL AL h S PAIRGTT w8 D

) !
: SR = 10.0 (5-63) -
? 5
SNRdB = 40.0 logm(rolr) + RCS (5-64) ;
T, radar reference range (m). Range at which a 0 dBsm projectile gives 2
a retum of 0 dB. . “
r range to projectile (m). 7
RCS radar cvoss section of projectile in dRsm. This is specified by a - hg

constant value (ITEM 13 of the appropriate WEAPON data packet) or a
table (RCSTABLE data packet).
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i 6.0 PROGRAM USER'S GUIDE
6.1 General Information

{OCATER is designed as an engineering tool for radar systems analysis and design, :
i, primarily to be used in a batch type enviromment with in;;ut as data packets which may be in any '

1
- order.

. ‘ P
P R A L R L) e A A e

The input to the LOCATER program is read by a special free format reading routine which

. allows alphabetic fields mixed with the numeric data values. These numeric values are .

¥

henceforth referred to as input data ITEMS.

L drms s d e £ £

This 1/0 technique disposes of remembering
variable names for NAMELIST type I/0 and field width definitions for FORMATTED 1/0, but forces
the user to0 remember the order of the input ITEMS.

Most data packets have a set of default
ITEMS which reduces the amount of setup time for the average run.

R A R P S Bl

To. change any default ITEM

e o &,
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ey A ——— P —— e
Soaprs daas

the whole packet must be respecified.

Each-data packet remains active from case to case
allowing easily implemented parameter studies.
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& For each case being run LOCATER will scan the data packets looking for inconsistencies and 3
b R
=3 dump the input storage arrays and write the appropriate error message if such an error -
4 - condition is raised. The arrays can also be dumped under program control (section 6.2.9.1 o ‘i
3 =
2 ‘ OUTPUT 01 data packet). %
v The description of the LOCATER input deck follows in section 6.2. %
», 6.2 Locater Inmput ] 3
The input deck to LOCATER has the following structure: e‘i
, TITLE card for case 1 i i
APRIORI packet (section 6.2.1)
e EDITOR packet (section 6.2.2) 3
3 ESTIMATOR packet (section €.2.3) I
MEASURE packet (section 6.2.4) Z
METRO packet (section 6.2.5) § 5
MISSION packet (section 6.2.6) ; =
MULTIPATH packet (section 6.2.7) 3 53
ORIGIN packet {section 6.2.8) 3 w
OUTPUT packet {section 6.2.9) &
; RADAR packet (section 6.2.10) 3
i} RANDOM packet (section 6.2,11) o
i RCSTABLE packet (section 6.2.12) %
i . TOPOGRAPH packet (section 6.2.13) 2
s TRACK packet (section 6.2.14) ':;
it WEAPON packet (section 6.2,15) 3
if VECTOR packet (section 6.2.16) 1
o1 END card
i TITLE card for case 2 !
,} -

QAT aSorY

END éard
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3 TITLE card for case N

9 END card

'f The TITLE card is 80 alphanumeric characters used to describe the purpose of the present
run, and appears on the top of every outnut page of the LOCATER REPORT. The date and time are
{ unnecessary in the TITIE as they are p;'inted out at the bottom of ea&‘.ix output page.

The END card ("END " in colums 1-4) signifies the end of input for the particular case
being run.

All cards between the TITLE and END cards are grouped into data packets each of which has
the following structure:

CARD #1 PACKET NAME CARD

col 1-4 Packet first 4 letters
name of packet name. ex,ESTI,
RADA, etc.

col 11-12  Packet 01 to 05 are allowed
number for APRIORI, METRO, ORIGIN,
RADAR, RCSTABLE, WEAPN,
and VECTOR data packets.
01 to 09 is ellowed for
OUTPUT packet.
‘The following packets must
have 01 for the mmbesr:
EDITOR, ESTIMATOR, MEASURE,
MISSION, MULTIPATH, RANDOM,
TOFGGRAPH, TRACK.
[3
col 12-72  Alphanumeric description
of data packet,

1

1he remaining cards in the packet (columns 1-72) contain the input data ITEMS in a field

free format. _The input routine will first scan for a § in colums 1-72 skipping cards if

P e e vt

et

necessary. All numeric fields (I or F type format) will be stripped off the cards ignoring all

it nonmmeric characters and transferred to labelled comnon storage arrays. Data transfer will
g‘: | stop when another § is encountered.  Numeric fields can not span cards and minus signs (if
; present) must precede the numeric value with no intervening blanks. The next inmput card after
fi the card with the last § must be another PACKET NAME card or END card, unless the data packet
;} specifies that a mmeric table is next input. There is no limit on the mnumber of cards in a.

free format data packet.
Some data packets , i.e., METRO, MULTIPATH, and RUSTABLE have tables as input. These

tables must bz presorted in increasing order of the independent variable and followed by a
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blank card,

The tabla length limits are specified in the apprepriate section,
The following sections contain u detailed description of the input data IEMS, default
values and examples for each type of data packet.

6.2.1 APRIORI Data Packet

The APRIORI data packet is optional and allows the user to add any a priori knowledge

of the launch point state vector uncertainties to the maximmm likely equation.

CARD #1 PACKET NAME CARD
col 1-4 “APRI"
col 11-12 Packet Nuwber 01-05
col 13-72 Alphanumeric description
The packet number must be the same as ITEM 7 of the ESTIMATOR data packet (section 6.2.3).
The following are required input ITEMS for the APRIORI data packet:
ITEM # VALUE and DESCRIPTION
1,2,3 Positional (ESF) state vector sigmas (m)
NOTE, A zoro for any ITEM means

no igriori values will be added
to the maximum likely equation.

4,5,6 Velocity (ESF) state vector sigmas {m/s)
1 Drag state sigma (m**2/kg)

8 Spin state a priori sigm (m/s**2)

9,10 East, North wind state sigmas (m/s)

Fxample of APRIORI data packet:

APRI 01

$NO APRIORI SIGMAS ON POSITIONS 0 0 0

METERS, OR VELOCITIES 0 0 0 METERS/SEC.

THE DRAG STATE IS KNOWN TO FIVE PERCENT .000025
METERS SQUARED/ KILOGRAM

NO SPIN STATE SIGMA 0 METERS/SECOND

NO WIND STATE SIGMAS 0 0 METERS/SECOND $

6.2.2 EDITOR Data Packet

The EDITOR data packet optionally controls what measurements in the track file are to
be included in the maximum likely equation by:

1. Data prediting. (pre-fit)

2. Data rejection due to low SNR. (pre-fit)

3. Data rejection based on large weighted
squared residuals, ( post-fit)
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CARD #1 PACKET N~ME CARD

col 1-4 "EDIT"

col 11-12 01

col 13-72 Alphanumeric description (vptional)

The required input ITEMS for the EDITOR packet are:

ITEM # VALJE and DESCRIPTION

1 Pre-edit flag
0 No duta pre-edit (default)
1 Pre-edit data using sliding
polynemial and reject 4
sigma values away from
mean in each measureient
component. (Unimplemented)

2 Low signal poise ratio flag

0 No data rejection

1  (Default) Reject data point
if measured or computed SNR
is lower than threshold.
NOTE, The threshold value
(db) is specified by ITEM 24
in the RADAR data packet.

3 Weighted residuals reject flag

0 No data rejection

1  (Default) Compute the average
weighted square residual and
std. dev., sigma, for each
measurem¢nt component. After
initial convergence reject a
measurement if a value falls
outside the range, average +
sigma*sigv.

4 Value of sigv associated with weighted
residuals test. (Default value is 4.0).

Example of EPITOR data packet:

EDIT 01 REAL DATA EDIT CONTROLS FOR TEST 73
$ DO NOT PRE-EDIT DATA 0, DROP DATA IF THE MEASURED
SIGNAL NOISE RATIO IS LESS THAN THE THRESHOLD, OPTION 1.

PERFORM THE WEIGHTED SQUARED RESIDUALS TEST 1,
WITH A SIGMA OF 2.5%.

The ahove example for brevity could simply have been:

EDIT 01
$0012,5§

6.2.3 ESTIMATOR Data Packet

The ESTIMATCR data packet allows the user to:

1., Estimate various states among them
positions, velocities, drag, spin,
growd winds, radar biases and
multipath parameters.
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ESTIMATOR
2. (hoose wethod of state vector
initialization of estinmator,

:
2
;
2
3

3. Specify convergence criterion

of state veator.

Add apriori state vector and
sigmas to estimator (VECIOR
and APRIORI data packets).

3
82
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CARD #1 PACKET NAME CARD

Yo
ES N

o rebeas
o d e & Sum AT L

hwr

col 1-4 "SI
col '1-12 01
col 13-72

&

P ook
AT

Alphanumeric description (optional)

s 4354 %e —cj'ié@

a

The required input items for the ESTIMATOR data packet are:
ITEM #

ST

N
i

VALUE and DESCRIPTION

B

1

ared

s

Filter mumber. For maximm
iikely astimator (MLE) use 1.
Default (1)

o A SR T e A 2 S ) e

RADAR packet numbet used to

compute measurement weights.

If U the same radar used in computing
the measurements will also be

used in computing weights,

Default (0)

5 ol > o
2 T MY BRI A s I £ IR

State vector injtialization
switch, Default (-2)

J 5 g e b SRR

-1 The true state vector used
in calculating the measurements
will be used to initialize the MLE.
This option should be chosen for

a complete simulation as the run
time is less.

e ok
s
wrt

-2 ‘The nominal state vector wili
be used to initialize the MLE,

This option can be chosen (or
simulation on external trajectory
or reil data analysis,

-3 Derive initial state vector {rom
measurements, At least one of the
tracking radars must take range,

azimuth and clevation. 1f the weapon
nunber is 0 on the TRACK packet,

this option is chosen

regardless of what is specified for [TEM 3.
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1-5 The state vector specified in the
VECTOR packet 1-5 will be used.

o

Maximun muenber of iterations
allowed. Defwuult (20)

J R I S

Convergence cption, Pefault (1) }

. 1. Tositions converge to epsilon
meters,

2.

Velecities converge to epsilon (m/s)

e n e o e AR SRS W A A

PR T O L ied
o Y

yory S TR

A o L AN it B

o
] ppr)
" ol o Atpatidils




e T T
g T T T T R T e
s e R
: et

- s

v ety il
; SO "Cf“i*"f il e

s
i
5 i
B 5 ESTIMATOR
¥ !
%ﬁ. ! 3. Drag converges to epsilon
=3 fraction change
5 4. Spin converges to epsilon

traction change

5. Winds converge to epsilon
fraction change

6. Biases converge to epsilon
fraction change

7. Multipath parameters converge
to epsilon fraction change

{: 6 The convergence value epsilon

s according to ITEM §

. 7 APRIORI packet number of state vector
& sigmas from 1 to 5 (section

1Y 6.2.1). If no variances are to

WA e s A S R ¢ T BN A A © S ANt S ks

be included in the MLE, ITEM 7 is

a 0.
¢ ITEMS 8-24 of the ESTIMATOR data packet
i are state estimation switches. A 0 means do not
1 estimate the state, A 1 means estimate the state,
23 g The default ITEMS are:
S ( 8:15) = 1
S (16-24) = 0
; E 8 X (East) position state estimation switch,
K5 5 9 Y (Worth) position state eutimation switch,
B : 16 Z (Up) position state estiration switch.
oo ! 11 X velocity state estimation switch.
ke 12 Y velocity state estimation switch.
b & 13 Z velocity state estimation switch, }
Bst g 14 drag (KD) state estimation switch. i
73 g 15 spin (KS) state estimation switch. i
S 16 East wind (WE) state estimation switch, ?
S 17 North wind (WN) state estimation switch.. i
; Multiple layered winds cannot be )
i estimated. :
4 18 Range biuas estimation switch. N
! 19 Azimuth bias estimation switch, .
! 20 Elevation bias estimation switch. k
S 21 Doppler bias estimation switch.
ke { 22 Multipath A parameter estimation switch.*
T 23 Maltipath B parameter estimation switch.?
by ! 24 Multipath C parameter estimation switch.* )
,}'-‘{: . ‘
. *refer to section 5.5.1 for definitions of multipath parameters. i
ey Lok
. Example of ESTIMATOR data packet: Pk
8 P
S PIY
| ESTI 01 Lok
£ § USE FILTER 1 (MLE), USE SAME RADAR TO CALCULATE M
’} WEIGHTS 0, INITIALIZE THE ESTIMATOR WITH THE NOMINAL ok
b STATE VECTOR -2, MAX NO, ITERATIONS 10, CONVERGENCE i ;
Bt OPTION 1, VALUE OF .1 METERS, I
g NO APRIORI DATA 0, T
- ESTIMATE POSITIONS 1 1 1 ¢
. ESTIMATE VELOCITIES 1 1 1 .
Se DO NOT ESTIMATE DRAG 0 Lo
R ESTIMATE SPIN 1 ¢
¢ DO NOT ESTIMATE WINDS 0 0, BIASES 9 0 0 0 A
43 OR MULTIPATH PARAMETERS 0 0 0 § A
r} '%‘ ¥ ‘; “;
o &
b s :
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simulate radar measurements,
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ESTIMATOR

6.2.,4 MEASURE Data Packet

The MBASURE data packet controls the addition of radar noise to a trajectory to

The available types of noise are:

.

Random or constant biases in yange, azimuth, elevation or doppler
Thermal errors (range dependent

Jitter errors (range independent)

Tropospheric refraction errors

Multipath errors

UT Su L B e
-

Rafer to section 5.4 for the mathematical formulation of noise errors.

CARD #1 PACKET NAME CARD

col 1-4 "MEAS"

col 11-12 01

col 13-72 Alphanumeric description

The required input ITEMS for the MEASURE packet are:

ITEM # VALUE and DESCRIPTION
1 Bias error flag
0 No biases
1 Constant biases for each run
(default)

2 Constant biases for all runs

The biases are defined as ITEMS,
11-14 of the RADAR packet.

2 Thermal noise error flag
0 No noise
1 Add thermal noise (default)

Thermal errors are defined as ITEMS
15-18 of the RADAR packet.

3 Jitter noise error flag
0 No noise
1 Add jitter errors (default)

Jitter errors are defined as ITEMS
19-22 of the RADAR packet,

4 Tropospheric refraction error flag

0 No noise (default)

1 Add tropospheric refraction errors
[ Miltipath error flag

0 No multipath errors (default)
1 Add multipath

Refer to section 5.4.4 fora
description of multipath errors.
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MEASUR

Example of MEASURE data packet: :

£

MEAS 01 NOISE FLAGS P

X § FOR THIS SIMULATION DO NOT USE BIASES (0). ¥

; USE THERMAL AND JITTER ERRORS 1 1, BUT NO 1

i TROPOSPHERIC REFRACTION 0 OR MULTIPATH 0 $ é

i :

’ 6.2.5 METHOROLOGICAL Data Packet

The METRO data packet allows the user to define a meteorological profile. There are three }:

types of METRO packets which are: i

1, Default atmosphere é

2. Specified ground conditions i

3. layered "MEI" profile i

P

- Refer to section 5.3.2 for mathematical description of the different atmospheres. ;”‘i

b CARD #1  PACKET NAME CAKD R

b col 1.4 "METR"

£ col 11-12 01 to 05 - must be identical to ITEM b

#12 of the appropriate WEAPON packet 3

b col 13-72  Alphamumeric description '

; The required input ITEMS for the three types of the METRO data packet ave: {1

R TYPE 1 - DEFAULT 1

L. 1

S ITEM # VALUE and DESCRIPTION i

i 3

L 1 1 Signifies that the default

awmosphere is to be used 3

%

Specifying a METRO packet to have the default atmosphere 4

? is equivalent to having no METRO packet in the input deck. z

8 §

;; TYPE 2 - GROUND CONDITIONS

ITEM # VALUE and DESCRIPTION §

5 4

ki - 1 2 Signifying specified ground conditions i

ge 2 Air density at ground level (kg/m**3) :

5

1 ; 3 Wind speed magnitude (meters/sec) I

A 3

‘;' 4 Wind direction (0 to 360 degrees)

o measured where the wind is coming !

. from clockwise from north

xm:‘ ‘;}

g’ . 5 Ground temperature ( degrees Kelvin) E

E TYPE 3 - LAYERED "MET" PROFILE

3 v

. ITEM # VALUE and DESCRIPTION . ;

1 Signifying layered meteorological conditions ) ’
b
.9
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METRO

The series of cards following the METRO free format data packet (TYPE 3 only) are:
CARD #1A  VARIABLE FORMAT CARD

This card contains the FORTRAN variable format
to read 1 layer ( 6 items in each layer) of the
meteorological table, The order of the input
table is specified under the description in
CARD #2A.

See exampie of TYPE 3 METRO data packet below.
CARD(S) #2A  LAYRRED METEOROLOGICAL DATA

The layered meteorological data consists of 6
items in each layer according to the variable
format specified by CARD # 1A. They are:
1. Height (meters) of density and temperature
2. Temperature (degrees Kelvin )
3. Density (kg/m**3 )
4. Height (meters) of winds.
S. East component of wind (w/s)

(wind blowing torwards east)
6. North component of wind (m/s)

(wind blowing torwards north)

CARD(S) #3A  BLANK CARD(S)
This blank card signifies the end cf the table.
A maximum of 39 layers can be specified. If this value is exceeded, program changes are

necessary. See Section 8,5.3. The format card must specify the format of the 6 items. The

nunber of blank cards should be the same as the number of cards for cach layer.

Examples of METRO data packets:

TYPE 1

METR 02 DEFAULT
$ RESTORE DEFAULT ATMOSPHERE 1 §

TYPE 2
METR 01 GROUND CONDITIONS
$ USE METRO TYPE 2 (SPECIFIED GROUND MET CONDITIONS)
AIR DENSITY IS 1.17 KG/MMM, WIND SPEED IS 10 M/S,
WIND IS COMING FROM THE BAST 90 DEGREES, GROUND
TEMPERATURE IS 289 DEGREES KELVIN., §

TYPE 3
METR 01 MET CONDITIONS FOR ROUNDS 5124 TO 5169
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METRO 3

N

THE FOLLOWING TABLE IS A LAYERED METEOROLOGICAL MESSAGE. ;3

THE COLUMNS ARE: 1. HEIGHT(METERS) OF TEMP AND DENSITY k!

2. TEMPERATURE (KELVIN), 3. DENSITY (KG/M**3), 4. HEIQST E;

) (METERS) OF WINDS, 5. EAST WIND COMPONENT (M/S), 6. NCKRIH 4
3 WIND COMPONENT. 2
2 $USE TYPE 3 METRO PACKET (LAYERED), THE FORMAT IS $ i
e (F6.1,5F10.0) g
; 0.0 300.73  1.16797 0.0 -3.,749% 1.1118 &
3 304.8 299,83 1.13333  304.8 -2,5638 -1,3424 . &
52 609.6 297,39 1.10590 609.6 -1.3125 -2.5714 ;o8
{ 914.4 293,96  1.08120 914.4  -0.1536 -3.0598 ! 3
b 1219.2  292.43 1.04967  1219.2  0.1701 -2,9015 by
= 15240 290.49  1.02037  1524.0 -0.04d4  -2,5546 D ¥
&9 1828.8  288.63 0.99163  1828.8 -0.3735  -2.4036 g
; 2133.6 286.99  0.96250 2133.6  -0.8256  -2.9002 | %
£ 2438.4 285.23  0.93493 2438.4  -1.0068 -3.4127 ’ “?
S 2743,2 <83.73  0.90670 2743.2  -1.0664  -3,5984 b
34 3048.0 282,16 0.87890 3048.0 -1.2161  -3.5510 E §
1 3352.8  280.59 0.85177  3352.8 -1.5483 -3.2232
ES B 3657.6 279.19  0.82483 3657.6  -2,0625 -3.1227 )
o 3962.4 277.43  0.79957 3962.4  -2.22585 -3.0280 i
4 4267.2 276.06, 0.78370 4267.2  -2.2891  -3.41582 y‘j
b g 6096.0 276.06  0.78370 6096.0 -2.2891 -3.4152 %
ok THIS IS A BLANK CARD %
. & 3
% 5 o
b - 3
. E 6.2.6 MISSION Data Packet 4
s & The MISSION data packet (mandatovy) specifies: :}
4 5
T( 1. The number of rounds to analyze or 2
i number of Monte Carlo runs to simulate. &
7 4 2, The program run mode :?
& a. Simulation on an internally gencrated trajectory. %
b, Simlation on an externally generated trajectory. y
2 c. Real data reduction. pri

3. That the external trajectory for simulation or
real measurements is on cards or tape,

CARD # 1 PACKET NAME CARD

col 1-4 "MISS"

18 e, L Nm wgats,
e L G S TN

2 col 11-12 01
E col 13-72  Alphanumeric description (optional)
,j;é
% The required input ITEMS for the MISSION packet are:
ITEM 4 VALUE and DESCRIPTION
4
1 Number of Monte Carlo runs 4
3 if simulation or mumber of rounds if -3
real data (no default) 5
3 2 Program run mode (no default) 5{:
1

Y
—

Complete simulation

2 Externul trajectory for
simulation with data on tape. *

-2 External trajectory for

simulation with data on cards. *

S
s

G

5
;Q,

3 Real data reduction with
¥ data on tape.

v
2 v
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MISSION
-3 Real data reduction with
data on cards. $

*refer to section 6,2.8 for specifying the ESF origin of the
external trajectory.

Refer to section 6.4 for the LOCATER input deck
structure when using an external trajectory is input.

. $Refer to section 6.3 for the LOCATER input deck
structure when the real data is to be analyzed.

Example of MISSION data packet:

MISS 01  CONTROLS FOR HWLS ANALYSIS
$ ANALYZE 14 ROUNDS OF DATA, PROGRAM RUN
MODE IS 3, DATA ON MAG TAPE 3 §

The MISSION data packet is mandatory to do a simulation or real data reduction.

6.2.7 MULTIPATH Data Packet

The MULTIPATH data packet allows the user to modify generated elevation measurements
by two multipath medels:

1. Multipath error is a damped sinusoid

about the true elevation.

2. A table of multipath errored elevation

vs. true elevation for'a given geometry
or type of terrain.

ITEM 5 of the MEASURE data packet must be a 1 for addition of wmltipath errors in
measurement generation,

MODEL 1

MULTIPATH model assumes an unerrored elevation E and computes the multipath error AL

aF = -A exp{DE)cos (- ¢)

A is amplitude of error (radians)

D coefficient in damping term (radians)
P period (radians)

¢ phase (radians)

CARD 11 PACKET NAME CARD

col 1-4 MJLT

col 11-12 01

col 13-72 Alphanumeric description

The required input parameters for a MULTIPATH Jata packet using model I are:

o Maee

4
)
%
A
3
-
1
A
ol
3

3
<
3
b
b
:
4
¢
-2
¥
:
i
3

4Dy, Hagutmr A ART s S AL SR ERYIES

X

o
A S o

o

\;_k;g\gp.\*&a‘.wx;&rmﬂ

S
-

e f A Y

"
v

iR,

PRS0l

TR o R

O O T R T TR r B

e
t
(Saer

pr Ay
N
3 ~
25 el Lo
B




TV TR 3 TS N P PR it A ‘.Fr““}y?:v:!‘\‘ Ay e g
ORI R
Dt L . -

L v “‘mmmmm R
e
R
B
vs,;: z MULTIPATH
,“ ITEM # VALUE and DESCRIPTION
1 1  Signifies multipath
; medel #1
; 2 The amplitude, A (radians) of
i the multipath error
i
! 3 The damping texm, D (radians) i
4 The period, P (radians)
S. The phase, @ (radians) ’
7 % ) Example of MULTIPATH model 1 data packet:
B MULT 01
o $ USE MODEL # 1
3 AMPLITUDE IS .006 RADIANS
%8 DAMPING COEFFICIENT IS .020 RADIANS
£ PERIOD IS .00S RADIANS .

PHASE IS .261 RADIANSS

MQODEL 2

Multipath model 2 expects an input table of errored elevation vs. unerrored elevation.
CARD #1 PACKET NAME CARD

col 1-4 YMULT"
col 11-12 01
52 col 13-72 Alphanumeric description

3
I

e
Lty &

The required input ITEMS for model 2 of the MULTIPAIH packet are:

VA e A e

)

ITEM # VALUE and DESCRIPTION

R Na2

1 2 Signifies model 2

ML

| a2
L X

The series of cards following the MILTIPATH free format data packet (MUDEL 2 only) are:
9 CARD # 1A VARIABLE FORMAT CARD

)

:

This card contains the FORTRAN variable format to
read 2 pair of unerrored and errored elevation
megsurements.

A

I3
2
e

CARD(S) * 2A  ERRORED ELEVATION MULTIPATH TABLE

Each CARD #2A will contain a pair of unerrored
elevation and multipath errored measurements according
to the variable format CARD ¥ 1A,

'
¥
- ————— s A S B e 8w~

Pt & W ¥ Iy

*“ The maximm mmber of table entries is 99.

i CARD # 33 BLANK CARD - 1
o This card signifies end of input for the multipath table. (
3 ¥
.. . =* _:
'." ¢
2 Example of MULTIPATH model 2 data packet: -y
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MJILTIPATH A

MULT 01 MULTIPATH OVER SAND i é
$ USE MODEL #2 § I E:
(F5.3,1X,F5.3) b4
0.000 0,010 by
0.002 9.006 P
0.004 0,000 i
0.005 -.004 b3
0.010 0. 005 vl
0.020 0,017 o g
0.63¢ 0.021 N
0.040 0,057 .
0.030 0.055 Pt
0.060 0.061 |4
(blank card) ¥
M

6.2.8 ORIGIN Data Packet '

The ORIGIN dats packet specifies the origin of the external trajectory when the

program run mode is simulation on an externally generated trajectory, i.e., ITEM 2 of the
MISSION data packet is + 2.

CARD # 1 PACKET NAME CARD
col 1-4 "ORIG"
col 11-12 01-05 This number must be jidentical

to the RADAR packet number which is
specified by ITEM #2 on the TRACK data packet.
col 13-72 Alphanumeric description

The required input ITEMS for the ORIGIN packet are:

ITEM # VALUE and DESCRIPTION

1 East UM location of origin (M)
2 North UTM location of origin (M)
3

Altitude (M) of origin above
sea level.

4 N .
IOTONRS AT VR0 AN AL LS SRR I

Example of ORIGIN data packet:

ORIG 02  2KM SOUTH FEBA ;
98.5 DEG WEST LONGITUDE, 34.5 DEG. NORTH LATITUDE

$ DATA BASE ORIGIN IS LOCATED AT
54600 METERS EAST

3817000 METERS NORTH

ALTITUDE OF 335 METERSS

For this example the RADAR number
(ITEM 2 of the TRACK packet) would be a 2.

6.2.9 OUTPUT Data Packet

The GUTPUT data packet controls:
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QUTPUT

1. All printed output from LOCATER
2. Tape output
3. Plot output

LOCATER has at present 9 output SECTIONS, SECTION 1 to SECTION 9, which are controlled by
4
OUTPUT 01 to OUTPUT 09 data packets, respectively. Section 6.5 contains examples of each output

SECTION. A list of OUTPUT data packet defaults are given at the end of section 6.2.

NOTE: The word “SECTION" refers to the LOCATER REPORT (printout) while "section" refers to
this document.

CARD # 1 PACKET NAME CARD

cnl 1-4 "ourp”

col 11-12 The appropriate LOCATER OUTPUT data
packet number 01-09

col 13-72 Alphanuneric description

The required input ITEMS for each OUTPUT section follows.

6.2.9.1 OUTPUT 01 - Input Card Listing

ITEM # VALUE and DESCRIPTION

1 0 Do not print LOCATER input cards
1 Print LOCATER input cards. Default (1)

2 0 Do not dump common storage
arrays. Default (0)
1 Dump storage arrays (3 pages).
If an error detectable
by LOCATER occurs, the arrays are
dumped regardless of the option chosen.

6.2.9.2 OUTPUT 02 - Trajectory (overage

SECTION 2 of the LOCATER REPORT will generate a trajectory coverage interval

for a specified radar weapon system, and is controlled by the OUTPUT 02 data packet.

Refer to

section 6.5.2 for an example:
ITEM # VALUE and DESCRIPTION
1 0 No output from SECTION 2

Default (0)
1 Generate SECTION 2 L.OCATER output

2 RADAR packet number from 1 to S
3 WEAPON packet mumber from 1 to 5
4 Time (sec) at start of coverage interval,
A -999 will result in radar coverage from
launch.
74

- e

P T VROV PI SREOSL F RN VPP VR Y

s

X5 - At i s A SN T

B, T
g’"*ﬁ' FRPEA

2

b ——

anivar amran

£ s S

i N . oo . e -
i 4 erief +endmy TaB L ol zbwe IR BN 3 A 1

(o S

)
5

(

o
AN

oAV Ny O

DN AW

St

1S ey

» % A
e

y * 2Lt s .
T S ORI SO ST A TIOR3 WL BN L)

&
i

Hem

faan % 43

tooaw

)

s

ALK i, Sren

s

Tap g
TRV 3 IS D

ool ALY b awain S

Setsbinwdonn dnlstd e &

PR

LIS N..d




g1

e i N R T D A A I 4 O AP AN L i
G T A o oL Gt B IR (7 A L2

- 7 o= T T e s
S A s S ST

T

- . O, IXEYE PR ARy ¥,
r%}i
OUTPUT 02 #
&
S Tiwe increment between samples (sec) B
6 Time (sec) at stop of coverage interval, ;
A =999 will result in radar coverage to g
weapon impact. 3
7 Trajectory printout fonmmat switch »
0 .no printout . 3
1 Trajectory is in a ESF cartesian system i
(m-m-m) . i
2 Trajectory is in polar RAE coordinate i
system. i
8 Trajectory tape output switch °f
0 No tape write %
1 Trajectory is in a ESF cartesian coordinate
system. g
2 Trajectory is in 2 RAE polar coordinate %
system. "
Refer to section 8.6 for tape unit number.
6.2.9.3 WITPUT 03 - MLE Iterations v,
“: 1 SECTION 3 prints out the state vector and computed perturbation following ecach j
Y E
- g g
v § iteration of the filter and is controlled by the OUIPUT 03 data packet. Refer to Section 6.5.3 .
2 ] for sample output. =
e | 3
p: ITEM # JALUE and DESCRIPTION %
e
S 1 0 No output. Default (0)
=9 1  Generate SECTION 3 of LOCATER REPORT ‘ 3
M %
2 : 2 Generate SECTION 3 for a specified number 1 "
< 3 of Monte Carlo runs. If 0, SECTION 3 ¥
A will be produced for all runs. ; tgi
AL, o
;5 :,:;1
A 6.2.9.4 OUTPUL 04 - Measurcmenis File
=3 i
f SECTION 4 of the LOCATER REPORT will dump the measurcments file to the 3 b
e <
3 9 3
= printer, and is controlled by the OUTPUT 04 data packet. 5 3
S 2
£ ITEM # VALUE and DESCRIPTION ] %
B 3%
3 1 0 No output 3
21 1 Generate SECTION 4 of LOCATER REPORT. K
th Default (1) -
53 X
& 2 Generate SECTION 4 of the LOCATER 3o
K. REPORT for a specified # of Monte Carlo 3
e - runs or rounds. Default (1). =
o I€ ITEM 2 is O SECTION 4 will be produced ,‘:
3 for all monte carlo runs. a
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OUTPUT 05

6.2.9.5 QUTPUT 05 - Covarinnce Matrix

SECTION 5 of the LOCATER REPORT will print out the state covariance matrix and

correlation coefficients, and is controlled by the OUTPUT 05 data packet.
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ITEM # VAIUE and DESCRIPTION
1 0 No output

1 Generate SECTION 5 of the LOCATER REPORT
Default (1).

2 Generate SECTION § for a specified #
of Monte Carlo runs or rounds (default=1)
If ITEM 2 is 0, SECTION 5 is output for
all runs., Default (1)

6.2 9.6 OQUIPUT 06 - Trajectory Parameters

SECTION 6 of the LOCATER REPORT prints out the following:

1. Launch velocity, azimuth of fire and
quadrant elevation for the estimated
trajectory.

2. Average weighted squared residual error
for each meusurement component.

3. Number of iterations to converge for each
estimated trajectory.

TTEM 4 VALUE and DESCRIPTION
1 0 No output
1 Generate SECTION 6 of the LOCATEK

REPORT. Default (1)

2 Extrapolation condation for each
estimated trajectory. Default (-2)
A negative option will use a pre-apogee
value, a position option will use a post-
apogee value.

Specified altitude intersection
Topographic intersection*
Extrapolate to specified tag time
Extrapolate to specified elevation

"o+

PR NY

"+

3 The value according to option specified
by ITEM 2.

If ITEM 2 is
1 Value is altitude (meters)
2 Value is zero (default)
3 Value is a time (seconds)
+4 Value is elevation (radians)

*Refer to TOPOGRAPHIC data packet, section 6.2.13, for
various terrain types.

If the default OUTPUT 06 and TOPOGRAPH 01 data packets are used, each estimated trajectory
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OUTPUT 06
will be back extrapolated to the input height of the weapon (specified by ITEM 4 of the WEAPON
data packet).

g
H
6.2.9.7__OUTPUT 07 - Track Residuals
SECTIQN 7 of the LOCATER TEST REPORT prints out differences between the
measurements and the estimated trajectory for each measurement component, SECTION 7 is
controlled by the OUTPUT 07 data packet. : -'
ITEM # VALUE and DESCRIPTION b
o 1 0 No printed output ‘ “
b 1  Generate SECTION 7 cutput. Default(l) ; z
ks ;o
s 2 0 No tape output. Default(0) b
. 1  Write residuals to tape for subsequent B!
. plotting. !
-: 3 Generate SECTION 07 output for a specified : fé
ks number of runs. If ITEM 3 is zero, k!
I SECTION 07 is preduced for all runs. .4
it Default (1) t
3 o
. ! N
kv - i 3
B 6.2.9.8 OUTPUT 08 - Estimation Statistics ; 3
Coog
g SECTION 8 of the LOCATER TEST REPORT prints out state estimation parameters ' ;‘5
b for each fit trajectory, and is controlled by the QUIPUT 08 data packet. ! i
- vk
‘ ITEM # VALUE and DESCRIPTION z
3 3
1 Generate SECTION 08. Print statistics o
on drag, spin, wind, biases and nultipath i .
3 parameter estimation, H K
ge. Default (1) i 5
B [
B ; M
53 v
6.2.9.9 OUIPUT 09 - Weapon Location i b
E 4
SECIION 9 of the LOCATER REPORT: i
E 1. Controls the extrapolation of each fit «
i trajectory according to a specified option, “3
! . 2. Computes position differences between nominal and &
e estimated trajectory for each run, %
' 3. Computes CEP (median miss distance). g
E 4, Plots miss distances. z
efg' , ITEM # VALUE and DESCRIPTION s
! 1 Option for extrapolation of estimated ,.
: state vector. A negative option means b
=1 the value will be at pre-apogee, a ,..sitive
B/ option means the value is at post-apogee.
k1 Default (-2)
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| QUIPUT 09 =

i 1l Extrapolate state vector to a £

specified altitude. b

+2 Extrapolate state vector to a topographic 3 'a

surface, i

For options 2 or -2 when no topographic ! 3

map is read in the option changes to 1 g pt

or 1 with the altitude being that of o

the weapon, b

R

3 Bxtrapolate to a specified tag time. Coy

%4 Ixtrapolate to time relative to - 4

last track time, §

2 Value according to option specified i

by ITEM 1. If option in ITIM 1 is ;

1 Value is altitwde (meters) %

+2 Value is zero ¥

3 Value is time (sec) ¥

#4 Value is time increment (sec) ‘&

3 0 No plot o

1 Plot miss distances. Defanlt(l) iJ

2 ITEMS 1-3 may be stacked up to 33 times., ‘The OUTPUT 09 controls can be used to simulate a %

«& predictor type intorceptor model or launch point location ervors, é

e §

1 OUTPUT DATA PACKET DEFAULT SIMMARY PG

T

& ' K

= ourpuT 01 INPUT CARDS/STORAGE ARRAYS . ‘

£ ¢ &

: ITEM / Te fault ) J

1 1 Print LOCATER input cards B

2 0 Do not dump storage arrays ; K

: H

QUTPUT 02 TRAJECTORY COVERAGE o

Lo

ITEM # De fault [

1 0 No coverage P

A1l other ITRMS are undefined P

b

OUTPUT 03 MAXIMM LIKELY ESTIMATOR ITERATION SECITON §

ITEM # De fault

1 0 No SECTION 3 output P

A1l other ITEMS are undefined ; t

e 2

- UTPUT 04 MEASUREMENTS FILE ool

¥ 4 -

- £ g

- ITEM # De fault Tk

o 1 1 Generate SECTION 4 output I

k. 2 1 Print measurement for only | run |

3 P
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jitter noise)
3. Sensiiivity and detection threshnld

CARD # PACKET NAME CARD

col 1-4 "RADA"

col 11-12 01-05

col 13-17 Alphanuneric description (optional)

There are no default RADAR data packets.
The required input ITEMS for the RADAR packet are:

ITEM # VALUE and DESCRIPTION
1 East UIM coordinate (meters)
79
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e W el S R i e Kt il i Py

4

oty T X R e
G ST S R R e A
- T v SR

i
¢ OUTPUT SUMMARY
4 OUTPUT 05 STATE OOVARTANCE MATRIX
- ITEM # Default
E; -1 1 Generate SECTION § output
B ! 2 1 Print covariance for 1 run
» OUTPUT 06 TRAJECTORY PARAMETERS
,, . ITEM # Default and Descriptimn
or 1 1 Generate SECTION 6 output
B 2 -2 Define trajectory parameters at launch.
3 0 Use topographic height at weapon location.
N QUTPUT 07 TRACK RESIDUALS
~
ITEM # Default and Description
X 1 1 Generate SECTION 7 output
'3 2 1 Residuals written to tape
: 3 1 Residuals plotted for 1 run
& OUTPUT 08 ESTIMATION STATISTICS
ITEM # Default end Description
1 1  Generate SECTION 8 output
b
2 OUTPUT 09 WEAPQN INTERCEPT
j'. 3 ITEM # Default and Description
5&’ 1 -2 Compute miss distances at
2 0 launch height of weapon and
3 3 1 plot miss distances
2-
-
£ ] Each default OUIPUI' data packet is defined in subroutine INITAL.
)
: 6.2.10 RADAR Data Packet
;‘ The RADAR data packet allows the user to specify up to f{ive radar wodels. ‘The
i parameters include:
1. Location coordinates
2. Environmenta! errors (biases, themmil, and
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RADAR : %

. : 5

2 Norta UTM coordinate (meters) ;

b3

3 Height above sea level (meters) 5

b 4 Longitude (0 to 2 pi radians) measured 3

east from the Greenwich meridian, i

P ] latitale (radians) measured from -pi/2 < ;

4 south pole fo pi/2 at north pole,

i ¥

. . \ . g

2 If multiple radar run the longitude and latitude of the radars, except for the base radar, N

By should be zero.* N :

Items 6-10 are flags (0 or 1) specifying the radar measurement space. A zero signifies

that the measvrement was not taken.
6 Range measurement flag

ERat gty XS N A2 TALP S

Azimuth measurement flag

7
: Elevation measurement flag

13 8
9 9 Doppler measurement flag

10 Signal noise ratio measurement flag.
SNR is used to compute measurement
weights in the filter. If SNR was not

P

JCArTC M
31 % Y NP RS A vt s« gt it e

« measured, a value based on range
< **4 will be used (refer to
; section 5.4)
H If program run is complete, simulation A
: ITEM 10 should be 0. ?
ITEMS 11-14 are radar biases used in measurement generation. ITEM 1 of MEASURE data ¢
packet (SECTION 6.2.4) must be nonzero to include biases. If the measurement component is not ,;
part of the radar measurement space, use a zero.
11 Range bias (meters) %
12 Azimuth bias (radians)
‘ 3
13 Elevation bias (ra-lians)
4 Doppler bias (n/s)
'; ITEMS 15-18 are sigmas of range dependent (thermal) errors used in measurement noise H
, generation. ITEM 2 of the MEASURE packet must be 1 for themmal errors to be included. If the D
s Y
radar does not take a particular measurement use zero for the appropriate thermal error. .
7 15 Sigma of ringe-dependent range %
b noise (meters) . r
. SR
2 16 Sigma of range-dependent azimuth :
= noise (radians)
*‘: ! 17 Sigma of range-dependent elevation . :
by noise (radians) :
T
p 18 Sigma of range-dependent doppler
. noise (m’'s)
2 /

= e g L,
Py R iy




19
20
:%j 1 21
1 22
23
i
Gia- & ¢
b ¢ 24
25
20

T

ITEMS

generation,

the measurements.

initial value.

19-22 are sigmas of range independent (jitter)
ITEM 3 of the MEASURE packet must be 1 for jitter errors to be included

radar does not take a particular measurement use zero for the sigma.

Sigma of range independent range
noise (meters)

Sigma of range independent azimuth
noise (radians)

Sigma of range independent elevation
noise (radians)

Sigma of range independent doppler
noise (meters/sec)

Reference range (sensitivity
parameter)

Range (meters) at which a 1 square
meter target (0 dbsm) returns a
signal noise of 0 db,

Detection threshold (db)

Radar measurements with computed or
mezsured signal noise ratio less than
the specified thresheld will not be
included in the estimator.

Frequency (Hz)

Elevation beanwidth (radians)

ITEMS 27 to 33 are considered removable biases and multipath

If any parameter is to be cstimateld, the value specified will be used as an

Refer to the description of the ESTIMATOR data packet (section

estimation of bias and multipath errors.

A bias is defined to be a measured minus estimated

noises used in measurement

If the
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model parameter errors from

6.2.3) for
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§
quantity. 4 ‘u
27 Removable range bias (meters) E‘
28 Removable azimuth bias (radians) 3 é“
‘f 29 Removable elevation bias (radians) : f:i
' 30 Removable doppler bias (meters/second) é {
Refer to section 5.5.1 for a description of multipath parameters. { :
4'3 31 Multipath A parameter £ é{
' i . 32 Multipath B parameter ; i
E 33 Multipath C parameter } ;
.

_For multiple radar projectile tracking a base radar is chosen which is specificd by ITIM 2

81

P
P Bas 37, w"

e "
R &MMrmmém“m&mmm

B T Tl et

v

P —
S NI 1 1 s S b, i

N S .. - PERPRIL TS
e



e ETT
_— ~ PRSP R LRI
spgi s s EE LR S FRRRE R bR

RADAR
of the TRACK data packet. For each additional RADAR data packet specified in the TRACK packet,

ITEMS 4,5,and 27-33 of that RADAR packet should be zero as these values will be defined later.

This means that biases can only be estimated for the base radar (assuming that the other radars

have negligible or known biases)

Example of the RADAR data packet:

RADA 02 TPM-S

THE TPM-S IS AN RAE HORIZON SCANNING FENCE RADAR

LOCATED AT 98 DEG 45 MIN W., 34 DEG 30 MIN N.

$ LOCATION AT FI. SILL, OKLAHOMA 52300 METERS E,

1700 METERS N, HETGHT 375 METERS.

LONGITUDE 4.559673 RADIANS MEASURED EAST OF

GREENWICH. LATITULE .602139 RADIANS

MEASUREMENT SPACE 1S RANGE (1), AZIMUTH (1) AND
ELEVATION (1) NO DOPPLER (0) OR SNR (0)

BIASES 1.0 M RANGE, ,0005 RADIAN AZ,.0005 RADIAN ELEVATION
AND 0.0 M/S DOPPLER,

THERMAL, ERRORS 3.0 M, .004 PADIANS, .004 RADIANS, 0.0 M/S
JITTER ERRORS .3M, .0005 RADIANS, .0005 RADIANS, 0.0 M/S
REFERENCE RANGE (RANGE AT WHIQH A ZERO DBSM TARGST
RETURNS A SNR OF ZERU DB) IS 636000 METERS.

THE DETECTABILITY THRESHOLD IS 12 DB

FREQUENCY IS X BAND (9500000000 HZ)

ELEVATION BEAWIDIH IS .017 RADIANS

NO REMOVABLE BIASES 0.0 0.0 0.0 0.0

NO REMOVABLE MULTIPATH 0.0 0.0 0.0

$
6.2.11 RANDOM Data Packet
The RANDOM packet initializes the LOCATER random number routine.
CARD ¥ 1 PACKET NAME CARD
col 1-4 "RAND"
col 11-12 01
col 13-72 Alphanumeric description (optional)

The required input ITEMS for the RANDOM packet are:
ITEM # VALUE and DESCRIPTION

1 Random number seed # 0
(default is 1010101)

Example of RANDOM data packet:

RAND 01  SEED INITIALIZATION
$ USE 3011 ¥OR RANDOM NUMBER SEED $
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6.2.12 RCSTABLE Data Packet

The RCSTABLE data packet allows the user to use a RCS vs aspect angle table to model

:
signature fluctuations. To use a RCS vs aspect table, ITEM 13 of the WEAPON packet must be a 1. ;
CARD ¥ 1 PACKET NAME CARD Al
’ col 1-4 "RCST"
col 11-12 01-05 ITEM 14 of the WEAPON F
packet must be the same number. 3

col 13-72 Alphanumeric description i
- CARD #2 FORMAT CARD 3 {
2

The format to read in each pair of aspect angle §
and RCS values ,i.e., two format items. g
CARD(S) #3  TABLE CARDS 3
The table of Aspect Angle (degrees) and RCS r
values (dbsm) according to the format card. P
There is a maximum of 99 allowable entries. R
CARD(S) #4 o
Blank card signifying end of table ; ‘g
I

3 XY

b

Example of RCUSTABLE data packet: é
RCST 03 STATIC C BAND TABLE -
(F3.0, 1X, F3.0) P
000 010 B
005 008 ¢ 4
010 003 ¢
012 -16 3G
013 00S P
020 12 v
050 -12 §
090 -06 {
blank card i 3
¥

§

This would result in the table: : 3
Aspect Theta(deg) RCS(dbsm) 3 j
0.0 10.0 5

5.0 8.0 b3
10.0 3.0 3
11.0 -20.0 '3
12.0 -16.0
13.0 5.0 %
20.0 -12.0 5

. 50.0 -12.0 3
90.0 -6.0
i

: o
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6.2.13 TOPOGRAPH Data Packet 3

The TOPOGRAPH data packet allows 3 types of terrain: )%

1. Use WEAPON altitude for constant map height. %

2. Use constant specified altitude. 4

3. Use digital topographic rectangular map. ! ?;

CARD # 1 PACKET NAME CARD ~ f

col 1-4 ""TOPQ! :‘

col 11-12 01 #
col 13-72 Alphanumeric Description

The required input ITRMS for the TOPOGRAPHIC data packet are as follows:
TERRAIN type 1 - constant weapon altitude (default)
ITEM # VALUE and DESCRIPTION

1 0 signifying terrain type 1.
Default (0).

2 Uncertainty (meters) in measurement
of ground height above sea level. If real data
run moie, ITEM 2 should be zero. Default
(0.0)

TERRAIN type 2 - constant specified altitude

ITEM # VALUE and DESCRIPTION

- . e . ] . . b 3 ‘
B A T R R A T TR B

2 8

1 1 signifying terrain type 2

a-
L Shs

2 Uncertainty (meters) in measurement
of ground altitude

3 Ground altitude (m) above sea level

TERRAIN type 3 - digital topographic map

ITEM #  VALUE and DESCRIPTION

2 signifying digital map mode.
UIM east coordinate of lower SW
corner oy map (meters).

UIM north coordinate of lower SW
corner of map (meters). :
Number of columms (S to N) im map. .
Number of rows (W to E) in map.
East grid spacing (meters).
North grid spacing (meters).

1
2

Y

e T T T i A e T L e I N T R R A L AP o

o & (%)

At present, terrain type 3 is unimplementea.

6.2.14 TRACK Data Packet

The TRACK data packet specifies the RADAR - WEAPON combinations and determines track i

PRV,

segments depending on specified radar overage limits. There are no defaults for the TRACK
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CARD #1 PACKET NAME CARD

col 1-4 "TRAC"

col 11-12 01

col 13-72 Alphanumeric description

The required input ITEMS for the TRACK data packet in complete simulation mode are:

{TEM # VALUE and DESCRIPTION

1 Packet number of WEAPON
to be used, from 1 to S.

2 Packet number of RADAR

to be used, from 1 to 5.
3 Number of track intervals
ITEMS 4-8 are repeated for each track interval.

4 Coverage option at start of interval
+1 specified altitude
+2  topographic mdp intersection
3 specified time
+4  specified elevation

If the option is negative the
value will be pre-apogee, if the
option is positive the value will
be post-apogee. An option of -3
is illegal.

S The value according to the option
in ITEM 4. If the magnitude of ITEM 4 is
1 value is altitude (meters)
2  value is 0.0
3 value is time (sec)
4 value is elevation (radians)

6 Coverage option at end of

track interval. See options under ITEM #4.
7 Value according to option

specified by ITEM 6.
& PRI (pulse repetition interval)

in sec.

ITEMS 2-8 are repeated for each RADAR that is tracking the WEAPON. The total number of

ITEMS must be less than 100.

The required input ITEMS of the TRACK packet for external trajectory input or real data

analysis are:

ITEM # VALIE and DESCRIPTION
1 Packet number of WEAPON to
be used.
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TRACK
i 2 Packet number of first tracking RADAR, :
‘ 3 Packet number of second tracking RADAR. %
i 3
{ ITEM 2 is repeated for each tracking radar. {i
i Refer to section 6.4 for LOCATER deck structure when external data or real measurements :2
g is to be analyzed. ;”;
>‘ : Refer to section 6.2.10 for description of multiple radars. é
3 3
Examples of TRACK data packets: i3
|4
E : . TRAC 01 COVERAGE LIMITS FOR MPS-33 14
e $USE WEAPON 1 TRACKED BY PADAR 2 i
&= \ “THERE ARE 2 INTERVALS: R
S THE FIRST INTLRVAL s
b | PRE-APQGEE ELEVATION -4 VALUE IS .05 RADIANS 3
Er PRE-APCAEL ELEVATION -4 VALUE 1.0 RADIANS E
.:g‘ | PRI (PULSE REPETITION FREQUENCY) OF .S SECONDS. e
es THE SECOND INTERVAL o
E. ‘ TIM: OPTION 3 VALUE OF 76 SECONDS TO g
g POST-APOGEE ALTITUDE OPTION 1 VALUE 100 METERS 2
o PRI .4 SECONDS $ i
7:: &
2 TRAC 01 REAL DATA
$USE WEAPGN 1 TRACKGD BY MULTIPLE RADARS 1,2,48 4
r TRAC 01 MULTIPLE RADARS NONSIMULTANEOUS MEASUREMENTS %
e $USE WEAPON 2 TRACKED BY ?
i RADAR 1 (HEMISPHERIC COVERAGE) 3
1 INTERVAL, PRE-APOGEE ELEVATION OPTION (-4) 3
& VALUE OF .0873 TO PCST-APOGEE ELEVATION
OPTION (4) VALUE OF .0873 ,PRI 2.0 SECONDS i
'f AND i
- RADAR 2 (FENCE)
: 1 INTERVAL, PRE-APOGEE ELEVATION OPTION 3
e (-4) VALUE OF .0175 RADIANS TO #
" PRE-APOGEE ELEVATION OPTION (-4) §
z VALUE OF .07 RADIANS PRI=.1 SECONDS $ 3

A At . A o St ok

s
TRAC 01 REAL DATA SINGLE RADAR )
$USE WEAPON #3 TRACKED BY RADAR #1 § % ‘
y i
3 L
= 6.2.15 WEAPON Data Packet i
% The WEAPON data packet defines the metric state vector of the projectile, the radar ‘ ‘
r cross section (variable or constant) and chooses a set of meteorological conditions. v
.
| ’
43
i
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There are no defaults for any WEAPON packet.

CARD1 PACKET NAME CARD

col 1-4 "WEAP"

col 11-12 01 to 05

col 13-72 Alphanumeric description

The required input ITEMS for the WEAPON data packet are:

ITEM # VALUE and DESCRIPITON

1 Tag time associated with input
state vector (sec}. Usually 0.0

2 East coordinate of weapon in
UMM (meters)

3 North coordinate of weapon in
UM (meters)

4 Height of weapon above sea
level (meters)

) Projectile initial velocity
(m/s)

6 Azimuth of firc (mils)

measured clockwise from north
0 to 6400 mils.
(3200 mils = pi radians)

7 Quadrant elevation (mils)
0 is horizontal, 1600 is vertical

8 Projectile diameter (meters)

9 Projectile mass (kg)

10 Scale factor for drag table
(nominally 1.0)

11 Drag curve number. At present
only 1 drag curve is implemented
so use 1

12 METRO packet number

from 01 to 05. If no METRO
packet is defined, the default
atmosphere is used (SECTIQN 6.2,5)

13 RCS (radar cross section) option
0 constant RCS
1 table of RCS vs aspect angle

14 If 1TEM 13 is 0, RCS value
(dbsm). If ITEM 13 is 1 the
RCS table number from 01 to 05
(Section 6.2.12)

15 Spin state (w/ss).

16 DRAG uncertainty ex. .05
0 if real data analysis
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WEAPON i

17 Spin uncertainty :.q
0 if real data analysis 3

4

4

Example of WEAPON data packet: L
WEAP 03 155 MM HOWITZER - 3
QE=45 DEG, AZIMUTH=37 DEG, CHARGE W -7
$TAGT'IME 0 SEC, POSITIONS EAST,NORTH 20000.0,27000.0 M i
ALTITUDE OF 78 METERS. INITIAL VELOCITY 564 M, 3, o
AZIMUTH OF FIRE* 658 MILS, QUADRANT ELEVATION . i
800 MILS, DIAMETER .155 M, MASS 43.5 KG, DRAG %
SCALE FACTOR 1.0, CURVE #1, USE 3
METEOROLOGICAL SET 1. TN 3
USE CONSTANT (0) RCS GF -10 DBSM, SPIN STATE b
.2 MM/KG, DRAG UNCERTAINTY .05, SPIN s 3
UNCERTAINTY 0.0§ Po#
6.2.16 VECTOR Data Packet b
oo

The VECTOR data packet is optional and allows the user to specify a starting state f:
vector for the maximum likelihood estimator. ;
N

CARD #1 PACKET NAME CARD %
col 1-4 "VECT" %
col 11-12 Packet number 01-05 ¥
ITEM 3 of the ESTIMATOR data o

packet must be the same. 3

col 13-72 Alphanumeric description 4
The required input ITEMS for the VECTOR packet are: ;
ITEM # VALUE and DESCRIPTION §
ey

1 Tag time of state vector (sec) %
f

2,3,4 Positions X,Y,Z in ESF (meters) 3
5,6,7 Velocities X,Y,Z (w/s)
8 Drag state (mm/kg) %
9 Spin state (m/ss) 3
10,11 East, north ground wind ©
components, If METRO - rcket is i

layered, ITEMS 10,11 ie ignored. 3 :

Pt

Example of VECTOR data packet: v
VECT 02 APRIORI STATE VECTOR { :,
$ TAG TIME OF 0 SECONDS R |
ESF POSITIONS RELATIVE TO RADAR 20000 M E., 1000 M N., 100 M UP b
VELOCITIES -100 M/S, 275 M/S, 300 M/S .
DRAG STATE .0005564 MW/KG 3 4
SPIN STATE .15 M/SS i
NO EAST WIND COMPONENT 0 M/S 3
41
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) ITEM'3 of the ESTIMATOR data packet would be a 2.
. j
6.3 Real Data Analysis 3
Real data .analysis was primarily included in the JOCATER program for validation of the ‘ﬂ
4
estimation theory and the projectile dynamic model. B
»i
Features of real data analysis include: 1_‘-'11‘
43!
1. Miltiple sensors with simultanecus or 3
non-simultaneous measurements. f‘
i
2. Each tracking radar's measurement space }“
may be subset of range, azimuth, elevation i
or doppler. £l
&
3. Weapon information (true launch point, %
projectile type or cross section) is optional 5
input. See section 6.2.15 WEAPON data packet. K
7
4. Optional state vector initialization from 3
the measurements. See section 6.2.3 4
ESTIMATOR data packet. B
S. tional usage of measured signal noise §
ratio for computation of measurement weights. ;
6. A priori radar biases may be removed.
7. Optional automatic data editing. See
section 6.2.2 EDITOR data packet.

8. Llayered meteorological conditions including
winds, temperature and atmospheric density.

9. The measurements can be on magnetic tape,
disk file or cards.

The mandatory data packets for real data amalysis are:

1. MISSION (section 6.2.6)

2. TRACK (section 6.2.14) B
3. ESTIMATOR (section 6.2.3) N
4, RADAR (section 6.2.10)

L bt

The real data analysis run mode of LOCATER is set by ITEM #2 of the MISSION data packet.

If ITEM #2 is 3 the measurements are on magnetic tape, if -3 they are on cards.

R

If the real data is on cards, the following sequence of cards must foliow the LOCATER END

card of the appropriate case.
CARD #1  VARIABLE FORMAT CARD
This card contains a FORTRAN variable format descviption to read the time and associnted

Vi oAby el e e

o Fatvuna Lorain e

measurements. The order that the values must be read.are:
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1. Time

2. Range

3. Azimutn

4. FElevation

S. Doppler

6. Signal noise ratio.

If any particular measurcement is not included in the radar measurement space the format
for that item weculd not be specified, ITEMS 6-10 of the RADAR data packet specify the
measurement space of the radar, For example if the radar does not take elevation then ITEM 8

of the RADAR data packet must be a 0 and the fonmat item for elevation would not be included in
the variable format card,

Example:

Assume -the radar measurement space is range,

zimuth .and doppler, only.

A sample data record has the values doppler, time,

azimuth and range in the following format.

(F12.2, F15.4, F11.8, F12.2)

The input orde: that LOCATER requires is time, range,

azimuth and doppler. The variable format

CARD #1 would then be

(T13, Fi5.4, T39, F12.2, 128, Fi1.8, T1, F12.2)
CARD #2 TITLE CARD

This card contains an alphanumeric description of the following data set in colums 1 -
80.
CARDS #3  DATA CARDS

The data cards contain the time and measurements according to the variable format card
specified on CARD¥ 1. The units for the data arve:

1, Time seconds

2. Range meters

3. Azimuth  radians

4, Elevation radians

5. Doppler  meters/second

6. SNR db
CARD # 4  BLANK CARD

This card signifies that the data set has been input. Note this card must be on same unit
that CARDS # 2 and 3 are on,

CARDS # 2-4 are répeated for as many rounds as specified by ITEM # 1 of the MISSION data
packet.

If the data is on magnetic tape CARDS # 2-4 will be on tape while the fommat card will

always be a card. The CARD # 4 may be a blank card or a tape mark (EOF). The tape must be
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TAPH.

1.

2,
3‘

1.
2.

3‘

4.
- 5\

attached as TAPH2,
REFER 10 SECTION 7.1 FOR AN BXAMPLE  OF RMAL DATA ANALYSTS  WHEN MR RPAL DATA SEP 1S ON

See sectlon 6,5.2,

for unalysis of multiple radar duta the sequonce of duta following the LOCATER END cand of

;::I
i the appropriate case is:
55, C\Rh N variable format cand for fivst radar
s CARD  #2 Title card of data sot 1 for first vadar
o CARDS #3 bata cards of set 1 for flrst radur
i CARD ¥4 blank card
: CARD 1 varlable format card for second radar
i; CARD #2 title card for duta set 1 for second yadar
e CARDS #3 data cords of set 1 for second vadar
CARD M blank card
CARly #2 title card of data set 2 for first raday
CARDS #3 data cards of set 2 for first vadar
] CARD 4 blank card
¢ CARD 42 titio card of duta set 2 for second radar
< CARD #3 data cands of set 2 for second radar
2 CARD 44 blank card
éf‘ CARD #2 titlo card of data set N for first radar
CARDS ¥3 data cards of set N for first radar
y CARD  #4 blank card
CARD #2 title card of set N for socond radar
CARDS 43 data cards of set N for second radwr
CARD ¥4 blank card

6.4 External Input Trajectory

The Flow of LOCATER in complete simulation mode is:

Genorate a trajectory segmont using

the internal dynamics of LOCATER,

Add radar noise orrors to produce measuremsnts,
Estimate a state vector through the measurements.

The external input trajectavy mode replaces step 1 in the above flow hence pewmdtting the
usage of trajectories generated by higher level dynamics (3 DOF moditied point mass trajectory
similator or a complete 6 DOF rigid body simulation).

The purpose of this is to ascertain the offects of using a simpler dynanic model,
o.g.,model blases, timing, otc., for estimation,

Features of the extovnal tvajectory input similation mxle ave:

Multiple radars making simltaneous measurements
Sach radar may have a subset of the measurement
space: Range, azimuth, elevation, doppler,
Optional state vector initialization

from measurements,

Mitomatic data editing,

Layeved metcorological conditions.
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The following data packets are mandatory when using an externally input trajectory:

1. MISSIN  6.2.6
2. TRACK 6.2.14
3. ESTIMATCR 6.2.3
4. RADAR 6.2,10
5. ORIGIN 6.2.8

The program run mode is determined by ITEM #2 of the MISSION data packet. If the mode is

-2 the external trajectory is on cards, if +2 the external trajectory is on magnetic tape.

J£ the external trajectory s on cards it must follow the LOCATER END card of the
appropriate case in the follawing sequenco.

CARD # 1 VARIABLE FORMAT CARD

This card contains a variable format description to read 7 items :

time, 3 positions, 3
velocities,

Example: (F10.5,3F12,2,3F12.4)
CARD #2 TITLE CARD
Alphanumeric description of data set.

CARD #3 EXTERNAL TRAJECTORY

The external trajectory in an ESF coordinate system according to the variable fommat card.
Items are: time (sec), 3 positions (meters), and 3 velocitles (m/s).
CARD #4 BLANK CARD

If the run mode is specified as +2 the CARDS #2-4 must be on magnetic tape. CARD ¥4 on

tape can be a blank record or a tupe mark (EOF). The tape must be attached as TAPEZ.  Sce

section 6.5,2.

REFER TO SECTION 7.3 FOR A SAMPLE RUN USING AN EXTERNALLY GENERATED TRAJECTORY.

6.5 Processing

The processing of LOCATER is designed to be done ina batch or remote job entry type of

environment, This arrangement is ideal for parametric studies where the input data deck is

continually being changed.

Section 6,5.1 describes the LOCAIER run deck compenents:

o

1, CONTROL CARDS - cards necessary for attachment

... Of files, recompilations, data set definitions, and
program execution.

2, LOCATER source library changes.

The source for LOCATER is stored in a compressed format
called an UPDATE file.(7) This allows a unique identifier
for vach card in the source file which may easily be
modified or deleted. An UPDATE library can be
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completely restored to any previous level of operation.

T 3. LOCATER INPUT CARDS
ke This is the input to the LOCATER program which
3 is described in Sections 6.2.1 to 6.2.16.
4. PLOT DESCRIPTOR CARD
k- This card of 80 alphanumeric characters will
k- . appear on all plots for unique identification.
Section 6.5.2 is the list of control cards for the execution of
B
;‘3 the LOCATER program. SCOPE 3.4 reference manual.8
b .
&z The following files are LOCATER rclated:
L
B 1. LOCATERPL source (FORTRAN) of LOCATER
b in UPDATE storage format :
2. LOCATERTEXT binary of LOCATERPL
il &
b 3. MATRIX binary of 20 matrix o
manipulation routines P
TR A‘E:
g 4. MISSCEPPL source (FORTRAN) of the miss j
distance plotting program W ‘{4
b 5. MISSEPPTEXT binary of MISSCEPPL &
.;:’ /f i ’}i
B 6. RESIDUALPLOTPL  source (FORTRAN) of the o
e track residuals plotting routine 3
il A
,; 7. RESIDUALPLOTTEXT binary of RESIDUALPIOTPL (:
ol D
bl Files 4 and 6 are not used for every run of LOCATER. 3
k {

:
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6.5.1 LOCATER DECK SETUP (CBG 6600 - SCOPE 3.4)

END OF FILE CARD
6/7/8/9 pungh in col. |

PLOT DESCRIPTOR CARD
Section 6.8

4 Sy £ A e i B bR

oy,

( END OF RECORD CARD

LOCATER INPUT CARDS
Section 6.2.1 to 6.2.10

( *END OF RECORD CARD

1%

<3

Gt AN

/ :
2 *LOCATER SOURCE LIBRARY P
b, CHANGES ¥
- END OF RECORD CARD _ 1 4
? 7/8/9 punch In col. | %
. / 3
CONTROL CARDS 5

Section 6.5.2 ! %

3

i

o

! .

*I[t here are no changos to tho LOCATER progrom, the
cards with the * are to bo removed from the dock.
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JORNAME, TIME, MI2 .
ACOOUNT N
AUEAQ, LD, LOCATERRL, €Y o3, MRe |, IDCOSGROVE,
UPDATH( 1= INPUE, P=OLDPL,  CeQ0MPTLE] +
FINGA, Re2, 5L, B2TEXF, OF=0,T)
. REWIND, TEXT.
ATTACH, OLD, LOGNTBRIBRT, GV 1, M1, »
COPYADDOLY, THNT, LOCATRR) !
REWIND, LOCATHR, }
: ATTACH, MXTKEX, MATRIX, 1D*COSGROVE , (Y1 MRa 1. ‘
R REQUEST, TAPR2 ME. A BXTBRNAL DWTA, R REAL. DATA
MWB(PART)
LSET(L BoMATRIX, PRESE! INDSE)
LOCATER, PL=100000.
COPYCRCINUT, PLOTIDR)
COPYRR{DURY, PLOTIDR)
APTACH, MUSHLT, MISSCRITTENT, 1D~COSGROVE, CY»d, Mie1,
MAP(OFE)
MISPLO(PLONRR)
RETURN, FIIMPR,
bL. ATEAQH, PLOTTS, RESTDUALPLOFTENT, 1D+COSGROVE MR=1, Y1,
s ATEAQU, TICKG, TICKGIBXT, MRe) ,CY=1 , IDsCOSGROVE, z
LODCTICKG) :
e PLOTTS (PLOTHDR) -
3 REWIND, TAPEL, :
3 COPYSBE, TAPRL.,

%
i
€.8.2 Contvol Cands - Scope 3.4 t
|
%
i
;

R
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SR R TR, Tt ¢ o SRR EnTt S
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*Far real data analysis or extovaal trajectory input and ¢
if data is an tape this cand is necessary,

+[f thore nre no source library changes the I[=INPUD
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6.6 Storage, Run Time lstimates

The current core requirvements for oxecution of LOCATHER is as follows,

iy

AT o SR Yl st e e

Woxds

Decimal  Octal

"o

labelled Common 2 2
Program binary 20K 47K
Buffer stovage 20K 47X
System routines LK 33K

*

Total 66K 200K
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An ostinate of virtual vun time for LOCATER can be dotomined from the following formula:
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Example:

1 track sogment from 30 sec to 50 sec with a. PRI of .2 second.

where:

Run Time Central processing (virtual)

time of run in Jecimal seconds
including all 1/0

End of track segment(scec) for

the kth segment

Start of track segment(sec) for
the kth segment

.5 if the PRI (pulsed vepetition
frequency) .5 sec

PRI if PRI < ,§ sec

Numbor of tvack segments

Number of iterations

for estimator to converge which

is usually 2-3 based on a state
vecter convergence of .5 m in cach
position.

Number of monte carlo runs

to similate or rounds of real data
to analyze.

Stutistics are available for analysis of 10 rowwds of real data with oach data sot having

The estimute of run time from

the formula is 53 scconds while the actual run time was S8 seconds.

6.7 1LOCATHR REPORT Sections .

be at the bottom,

SECTICN 1
2

LR RV

oL 3 <

generation,

section may be cut into §-1/2 x 11 in, pages to be put in a notebook.

number, i.c., the OUTPUT 07 data packet controls the printout for SECIION 7.

The output from the LOCATER program is divided into 9 sections, SECIION 1 to 9, Each

The 1OCATER title cand

will appear at the top of cach page while the section muber, date, time and page number will

Each output section contains the following:

Input cards/packet storage arrays
Nominal radar weapon trajectery
coverage

Estimator iterative output

Track file (measurcrients and weights)
State cevariance matrix and covrelation
coefficients

Launch conditions and weighted .

residual statistics

Track residuals

State estimation statistics
Launch point locations
(miss distance)

The output for cach LOCATER SECTION is controlled by the OUTPUT data packet with the same

Various sections

1ike SECUIGNS 2, 7 and 9 have other than printed output which is wsed for extemal graphics
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; The rest of section 6.7 describes the printout format of each SECTION of the LOCATER
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6.7.1 $Sction 1 - Input Cards/Packet Storage Arrays

e

Kree

This output SECTION contains?

1. A copy of the input data deck
2. A list of the packet storage arrays names
, and defined elements (3 pages)

P p S P TRENA pe
P SO Aat Bt

See section 8.3.1 for the description of the input storage array names for each packet
type.

S

g et

The following sample of SECTION 1 produces the sample output £rom each SECTION in the

remainder of section 6.7.
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B LOCATER BROGRAM SMBELE CUTPUS SEGTICKS
3 ~==“INPUT DATA CAKDS==~=~

:

LCCATEP FROGRAN SAMPLE CGUIPUT SECTIONS

2

NISSION 01
USING 2 HBEAXSEHERIC COVERAGE FADARS WITH A BASELINE v
OF € KM, 7PACK A LON QE 105 MM NCFIAS SHOT.
$EUN 20 MONTS CARIO RUNS. COMFLETE SINULATION MCDE 1 §
WEAPON 01 1LO% QB 105 MM NCPIAR
$TAG TINE CF O SECONDY, DCSITIONS ASE 10000 MSTERS EAST,
Q0 NETERS NORTH A% ALTITUDE CF 30 KETEFS.
B INITIAL VEBLOCITY (CHARGE THPEE) IS 393 M/S.
AZYNUTH OF FIRE IS 5967 MILS CICCKXISE FEON NORTH.
CUAGEART BLEVATICMN 200 dILS,
b SHELL DIAMETER . 105 NETERS, MASS 15 XG.
st DFAC FACTCK 1.0, USE DRAG CURVE 1
3 USE METRG PACKET KUMBER U4
FCS CETICN O (CCNSTART VALUE) WHICH 1S -12 DBSH.
SPIN CONSTANT IS .15 M/SS
DRAG URCERTAINDTY IS .05 (FIVE PXRCENT), SPIN
UNCERTAINIY IS O §
RADAR 01 HCE SOUTH
THE SENSOR XIS A CONPOSITE OF 2 HCF EATARS, WITH
THE SCUTHERNNCST SADAR TO BE CONSITERED THE BASE.
NON-SINULTANEOUS NEASUREMENTS ARE TAKEN.
$1CCATICN 0 METEES EAST, 0 MITERS NCRTH, AT ALTITUDE
OF 40 MEYERS. LONGITUDE IS 17483293 ,SADIANS,
IATITUDE IS .B87255463 RADIANS.
DPADAS MEASURBMENT SPACE IS RANGE (1), AZIMUTH (V)
ELEVATICN(1) ARD EOSPLEF(1).
ENR WAS NOT TAKEN O.
BXIAS ERRO®S POR MEASUSUNENT GENESATICK AFE
1.0 NETERS FANGKE, .0009 SAD AZ, .00058 RAD BYL,
AND .2 M/S DOPPLER
THEF¥AL ERRCR SIGHMAS SO0 M FANGE,.0SZ% DAD AZ,
.0925 RAD BL, AND* 9,7 %/S DCEFLER
JITTEF BRRCY SIGHAS S5 M RANGE, .001 RAD AZ,
.001 RAD BIL, AND .5 M/S DCFELEI
% REFESENCE SANGE 1S 155000 METERS.
- NEASURRNENT THRESHOLD IS 13 DB, FEREGUENCY 3300000000 HZ £
BLEVATION FEANRILTR 1S .0873 SADIANS. 4
NO REMOVABLE BIASES O M RANGE, O FAL AZ, O RAD BI, b
0 8/5 DOFPELES, -4l
NO RENOVABLE MULZIPATH PARANETERS A 1S 0, B IS O E
5 cC XS0 ¢ f«'v:"
o RADAR 02 ICR NORTH ! i
P $ICCATION =500 METERS EAST, $000 METEFS NORTH, AT ALTITUDE o
OF 40 BETERS. LONGITUDE IS COMFUTEL INTFRNALLY 0.0
IATITUDE IS CCMPUTED INTERNALLY 0.0
FADAR MEASURSMENT SPACS IS RANGE (1), AZINUTH (V)
EIZVATICN{1) AND LQPPLER(1).
£¥2 WAS NOT TAKEN O.
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LCCATER 'FROGRAM SAMPLE CUTPUT SECTICNS

EIAS ERRORS POR MEASUREMENT GENERATICN AKE
1.0 METERS EANGE, .0009 RAC 3Z, .00058 RAD EL,
AND .2 ¥/S DOPPLER
THER®AL ERROR SIGMAS 50 M RANGE,.09z% RAD AZ,
»0925 BAD EL, AND 9.7 B/S DCEELER
JITTEE ERRCR SIGMAS 5 M RANGE, .0071 ®AD AZ,
<001 RAD EL, AND .5 M/S DCPELEFF
EEPESENCE BAKGE IS 159000 METERS.
MEASOREMENT THRESEOLD IS 13 DE.
ELEVATION EEANWILTE IS .0873 RACIANS,
NO REMOVABLE BIASES 0 M RANGE, O KAL AZ, 'O RAD EI,
0 M/S DOFFLER.
NO PEMOVABLE MULTIPATH PARAMETERS
cCIs0 $

AIs 0, BISO

SFECUENCY 3300000000 HZ

TRACK

04

MOLTIPLE RADAP COVEERAGE

LINITS

SUSE WEAECK PACKET 1

BPACA® NUMBER 1, 1 TRACK INTERVAL,

ERE~AFCGEE ELEVATION CPTION -U VALUE OF .008 RADIANS
T0 POST~-APOGEE ELEVATION CETICN U VAIUE OF
.008 RADIANS. THE PRI IS Z.0 SECONDS.

RADAR 2, 1 TRACK INTERVAL
TIBE CFTICN 3 OF .2-SECOKDS TC POST APOGEE
ELEVATION OPIION 4, VALUE OF .008 RADIANS.
THE PRI IS 2.0 SECONDS.

[
ESTINATOR 01
$USE PILTBR 1, USE SIGMAS IN FADAF EACKET 1 FGE WEIGHTS,
USE TFUE STATE VECTOR POR INITIALIZATION -1, MAXIMON
NUNBEE OF ITERATIONS IS 20, PCSITICKAL CONVERGENCE
CETICN 1, VALUE = .5 4ETEES, NC APFIORI DATA 0,
ESTIMATE POSITIONS EAST 1 NCETH 1 EEIGHT 1
VELGCITIFS EAST 1 NOFTH 1 EEIGHT 1
DRAG 1 NO SPIN 0
NC WIND O O
¥O EIASES 0 0 0 0
NC MULTIEATH DARAMETEES 0 0 0
$
MEASURE 01 ERROR GENERATION
$IN SINULATING RADAR MEASUREMENTS INCLUDE
BIASES 1,THERMAL ERROES 1, JITTES EFRORS 1,
AND TROFHOSPHERIC REFRACTION 1, NC KUILTIPATH 0 §
METRC 04 GROUNL CONDITIONS
$METRO PACKET TYDE 2 (GROUND CCNDITICHS)
AIE DENSITY IS 1.15 KG/NMM
HING SPEED IS S MsS ( ABOUT TEN KNCIS)
WIND IS COBING PRCM THE N.E. ( 45 LEGREES)
GFCUND TENPERATURE IS 266.5 DEG KELVINS
OUTPUT 02 NOMINAL TRAJECTORY
$CCVEFAGE CETICN 1, RADAR 1, WEAPGN 1
TIME INITIAL OF 0 SECONDS EVERY .5 SEC TC INPACT
CETICN -999. FRIKTOUT IN POLAE COORLINATES
OPTION 2, NO TAPE PRINTOUT 0 §
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'OCA"BR PROGR!H SANELE CUTPUT SBCTICRS

.~ -~ OUIRUT €2 CONVERGENCE
$GENEFATE SECTICN THREE OF THE LGCATER TEST REPORT :
1 FOR ONLY 1 RON § }
ouTPUT 07 ] N )
SPRINT, TRACK RESIDUALS 1, WRITE THEX TO TAPE FOF ELCTTING 1,
FCE ALL RUNS O ¢ .
X RANDON 01 RANDCH NUMBE® SEED IRITIALIZATION

"\ $EAKDCE RUNBER SEED IS 3674231 §
. END ‘
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6.7.2 Section 2 - Nominal Radar Weapon Trajectory Coverage ‘

This output SECIION prints a portion of a trajectory in either metric or polar f‘
coordinates and is controlied by the OUIPUT 02 data packet. See Section 6.2.9.2 for the ff
description of the various items and options available for SECTION Z. :
: At the top of each page the LOCNTER title card followed by the RADAR and WEAPON packet E
members used for coverage are printed. 5
. The intervals of coverage for polar type, RAE, output is described by 9 colums with the E ?
"3

following header information. ; ’#
TIME (SEC) Coverage time (sec). g

R(M) Slant range {meters) from radar #

tc projectile.

AZ(MR) The azimuth bearing (mr). ﬁi

of the weapen measured 0 to 2000 pi

clockwise from North. N

EL(MR) Elevation (mr) of weapon from A
earth tangent plane measured from 3

-1000 pi/2 straight down to 1000 pi/2 ' \_J

at zenith. bt

RDOT Doppler component (m/s) which is K

the projection of the velocity vector kA

along the line of sight from radar to s

weapon. A negative doppler means the i

weapon is moving towards the radar. I 5

AZDOT Time rate of change of azimuth i
(mr/sec). g

3L

ELDOT Time rate of change of elevation ‘ S
(mr/sec). ‘

VEL Velocity magnitude (m/s). ; '
SNR(DB) Signal moise ratio (db)
assuming range **4 dependence.

B3

The metric type printout has the following format. i
TIME (SEC) Coveraze time in seconds : ‘i
) X position (meters) in a ESF iki
coordinate system with origin at

radar. -

YQM) Y position (meters). <

0 Z position (meters) in the vertical »

. direction. (positive is upwards) 3
]

XDOT X axis velocity (m/s). ‘

33

. YDOT Y axis velocity (m/s). z
00T Z axis velocity (m/s)

4
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Velocity magnitude :(m/s).

VEL

~ratio- (db)
#k4 dependence,

noise

assuming range

Signal.

-SHA(DB)

-with pelar type output,

ECTION 2 follows
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TINE(SEC)

0.000
00
1.000
1.200
2.000
2.50¢
3.000
3.°00
4,000
4.500
2,000
50900
€.000
6.500
7.00¢0
7.500
8.000
8.500
9.000
9.500
10.000
10.500
11.000
14.500
12.000
12.500
13.000
13.500
14.000
1%.500
15.000
15.500
16.0C0
16,500
17.000
17.500
18,000
18.500
19.000
19.500
20.000

SECTION

A b e
S izl P an T i

RADAR

AL (KF)  RL(NE)

1£20,8u -1.79
130419 3.75
1487.67 9.00
1471.29 13.9%
1Uc3.0u 18,61
t43€.94 2.7
1422,96 27.03
wor. 1 30.80
1391.3%  34.29
137%. 68 37.48
13€6C6.04 49U
1344, 1 43.0%
1328.,78 45,42
1313.13 47.52
1297.458 49.35
1281,.76  50.90
126€.,05 52,17
1250.32 53.16
1234.59  53.86
12134,06 54.29
1203. 14 Sh.43
1187.44 Gl.28
1171.75  53.85
1156.10  53.14
140,48  S52.14
112491 50.86
110,38 49.29
1093.92  UW7.45
1078.53  45.33
1063.20 42,93
047,96 40,26
1032.01 37.32
1017.75 3412
1002,79  30.63
987.93 26,93
973.19 22.96
958,56 18.74
9U4.06 W, 27
929.69 9.57
915,45 4.64
901.35 ~.52

03,2178

"D0T

'17‘06
'161‘u
-151.8
-142.7

«138.1
~-128.0

N eV

'1‘8.3
1112
-104.5

-98.4
~92.17
‘87n3
'82.’
=77.1
=72.1
-67‘3
62,6
=~57.9
-53'3
'“807
-03.2
‘39.7
'35|3
~30.9
-26'5

“22.3¢

103

1 TFACKING WEAPON
AZLoT

«33.43
=33.17
'32.90
=32.63
'32!35
32,08
-21.82
-31.59
=3t 4
«31.31
»31.26
-31.26
=31, 29
-31.32
-31.37
=31. 41
~31. 44
‘3‘.“6
-31‘ “6
=31.45
‘3‘.“3
-31.39
=31.34
-31. 28
=31.19
-31. 'o
'30.99
‘300&6
-30. 72
‘30'57

-JOQ“O.

~30.22
=30.02
=29.82
=-29.60
=29.137
=29,13
~-28.08
28,61
=28.34
-28.06

LOCATER PROGRAW SANFLE CUTPUT SECWICNS

P N R T L R L L Y T R P L Y L I PR L LY Y R LY Y PR DL L L LYY ) CL R R LY L L2 1 ]

1

BLDCT

11.3¢
10.78
10.20
9.61
$.02
8. 42
7.84
.28
€.68
€.12
¢, 57
£.02
4.47
3.93
3.37
. 82
2.26
.70
1.13
«S€
'o01
-, 5¢&
“1.15
1.7
~2,28
-3.E8
"3. u1
’3.91
-“. 52
~£.07
'5061
=€. 14
“6t67
-7, 14
«“7.70
-8.20
-8, 69
=9.17
-9, 63

~10.09
=10. 54

FAGE

VEL

393.0
382, 1
37117
363
382.8
L7
335.8
32¢.0
321,58
316.0
NS
307.7
304, 4
0t.6
299,0
296.6
294. 4
292. 4
290.5
2688.6
286.9
28E. 4
283.9
282.5
W12
200.0
279.0
278.0
277.1
27€.3
27546
275.0
274, 4
27,0
273. 6
273.3
273.1
273.0
272.9
273.0
a73.0

4

SNR(DB)

36,03
36. 18
36.32
36.4¢
36.57
36.6¢
36.89
36.90
37.00
37.09
37.18
37.27
37. 34
3t.42
37.49
37.56
37.62
37.67
37.73
37.178
37.82
37.86
37.90
37.93
37.9¢€
37.98
38.00
38,02
38.03
3e.03
38.04
38.0u
38.03
38.02
38.01
37.99
37.97
37.95
37.93
37.89
37.8%
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6.7.3 Section 3 - Estimator Convergence Report ?
This SECTION prints the metric state vector and perturbation along with the 3
bias/multipath state vector and perturbation for every iteiation. Output from SECTION 3 is é
| A3
controlled by the OUTPUT 03 data packet and is generated by subroutine SECT03. | E
- ‘ ?
The data is presented in 4 rows, cach of which has the following header information. : i
ROW 1 - METRIC STATE VECTOR i ;
X X position (m) of state vector . Xi i
at the reference time in ESF : B
coordinate system with radar at origin. g
Y Y position (m) of the state vector. "%
2 Z position (m) of the state vector. 3
24
VX X axis velocity (m/s) in the i
ESF coordinate system, @
VY Y axis velocity (w/s). : ,j
i W
\74 Z axis velocity (m/s). : ig
} R
XD Drag ctate (mm/kg). B
xg
XS Spin state (m/ss). i
&
> WE East wind component (m/s) for ;f_
st nonlayered meteorological type ]
48 data packet, If layered METRO Cad
i data WE=0.0, ’i
: WN North wind component (m/s) for ' ;
nonlayered meteorological type 3
3 data packet. If metemolog,lcul &
5 profile is layered, WN=0.0, %
‘,."’ »-;:l'e
ROW 2 - METRIC STATE VECTOR PERTURBATION ! &
'§ DX X axis positional perturbation (m). j
b %
5 DY Y axis positional perturbation (m). N
ki Jei
- . { &
5 DZ Z axis positional perturbatien (m). :}
: ,: . 3 2
, vz X axis velocity perturbation (m/s). ’(g}i
; 3 vy Y axis velocity perturbation (m/s). ‘313
' DVZ Z axis velocity perturbation (m/s). ‘f
+ 4
DKD Drag state perturbation (w ). i
i A
;[ DKS Spin state perturbation (m/ss). 3
J1:4, 3
i .
i DWE East wind perturbation (m/s). jf
: DWN North wind perturbation (m/s). )
ki & . f:
ROW 3 - BIAS/MULTIPATH STATE VECTOR 2 :‘
14 5 &
:":1 3 jg
k- ; d
- @ 3
Ri7 R I
ki 4
g 104 i 4
A { ¥
K
i —

.o
i
e
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o

o

B

:

RB temovable range bias (meters),
All biases are the measured

component minus the ostimate, fs
AB Removable azimuth bias (m). :
BB Removable elovation bias{mr),
b Removable doppler bias (n/s). Gé
3
A Multipath A (amplitude) parameter p
in radians. %
E
5
B Miltipath B parameter. 2%pi/B 3
corresponds to the period. &
c Maltipath G pavameter. C/B z
corresponds to the phase. 5
ROW 4 - BIAS/MULTIPATH STATE VECTOR PERTURBATION E
DRB Range bias perturbation (w). 3;
&
g Azimuth bias perturbation (mv). @
DEB Elevation bias perturbation (mr). %
DB Doppler bias perturbation (n/s). 5
DA Maltipath A parameter perturbation. 3
i
i) Miltipath B parvameter perturcbation. af
, : b
nC Maltipath C parameter perturbation. P
%
QIOTAL The weighted squared residuals &
averaged over the mumber of points 2
and sumned over the measurement »3;
space. For cach successive iteration “;

QIOTAL should decrease.
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LOCATER PROGRAM HAMELY CUTRUT SECTIONE
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SECTICN 3 = ITERATICHS

L0 FUN NUMPER 1
X vy Yo KL kS ¥E  WR
DV oVY Dva DKD DKRE DWE DRR

HONTE CA
v Y
oY DY L
D) AR FB DB
DFB DAZ DER OLE L

o

v @ 3 3
{ )

C
LB ne QIOTAL

===~ ITERATION 1
99€2.4 554.8 4.6 =186.2 322.7 1114 «6982508-03 «15 =3.5 =3.5
=8 «10.9 1€.8 o8 ] o3 «EN03ETR-05 0.00 0.0 0.0
¢.0 0.6 0.0 0.0 0.0 0. 0.
0.0: 0.0 Q.0 0.0 0.0 0. 0. 7.3330

m=ww ITEIAYION 2
Q981.7 554.0 2.4 -185,7 322.2 1113 +T0HEEUER=-0] <18 «3.8
-.0 .0 «0 -.0 0 .0 «3710275-07 0.00 0-0 0.0

.0 0.0 0. 0.
<0

SO

0.0
0.0 0.0 0. 0. 3.8690

0
0
em== TTERATICR 3
99€1.7 €4, 0 2.4 -185,7 323.2 1113 +104691E~03 15 «3.§
“o0 W0 «0 =.0 -.0 .0 <Q311E78-11 0.00 0.0
0 .0 0. 0.
0 <0 0. . J. 6789

.

0.0 ¢.0 0.0
0.0 0.0 010

EX T Y Y P Y Y T PR Y T R Y R Y P Y Y T R P L L T R P L R P R YL L AL DR Y L L T
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6.7.4 Scction 4 - Track File Qdedsurerents)

This SECIION prints the measurements and weights of cach-observation in the track

controlled Ly the OUPUL 04 data packet,

the estimator has converged.

SECTION 4 is genorated by routine SECT04 and is

See section 6,2.9.4 for a description.

Flvst, the Monte Curlo run mumber is printed at the top of cuch page.

Each

descripticns:

LINE 1

Ner
TIME
RANGE
AZIMITH
BLEVIN
DOPPLER
SNR
Q(NPT)

LINE 2 *

WBIQIT(RANGE)

WEYGIE (AZIMUTH)
WEIGHT (BLEVIN)
WEIGHT'(DOPPLER)
RADAR

DROP

observation

will then take 2 1lines of print cach with the following header

Point number

Tag timo of measurement (seconds).
Runge measurement (m) .

Azimuth measurement (radians).
Elevation measurement (radians).
Doppler measurement (m/s).

Signal noise ratio {db),

The weighted squured residual

(unitless) suwmed over the mumber of
observations in each measurement,

The range weight

usexl in the estimator. See Section
5.5.5 for the definitions of
weasurement weights.

Azimuth weight.,
Elevation weight.
Deppler weight.

RADAR packet number associated
with the observation.

Point drop code.

0 Good point

1 Point dropped due to data
pre-editing.

2 Doint dropped due to low
SNR

4 Point dropped duc to data
post edit.

The following page is a sample output of SECITON 4.

TIME
RANGE

e

For the 12th point for example:

= 12.000 sec
= 8968.1 n
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LCCATER PROGR!H SANPLE CUTPUT SECTIONS

¥ U R O A A5 U6 OB VR Um G TR 0P G e I TS GD VR W T UR N 05 S4 VS 45 SR UA TR A G0 LA UH VR U0 W WA U0 W U W0 U8 W A BN 8 B

NPT TINE RANGE
WRIGHT
1 «200 11362.¢
« 384E8-01
2 2,000 9711.6
«J9R=01
3 2,200 10807.0
«187R-01
4 4,006 9467.2
« 392R=01
€ 8,200 10318.%
«389%-01
6 6,000 9279.4
«393R-01
7 6,200  9871.6
«3912-01
a 8,000 9t40.7
«J3938=01
9 8.200  94u0.6€
« 3928-01
10 10.000 9030.7
+394B-0 1
1M 10,200  9067.4
« 3338~01
12 12,000 08968.1
«3948~01
13 12,200 86Y2.8
. 39“"‘01
14 1,000 8931.5
«3948-01
1% W, 200 8372.3
« 395801
16 16.000 8930.98
«3942-01
17 16.200 8067.7
«J96R-01
18 18,000 89%7.4
« 3943801
19 18.200 7804.%
+ 3968-01
SECTION &

MEASUKENENTS, REJGHTS FOR RUN

AZINUTH
NBXGHT

1.976515
2208406
1. 25706
«347R+06
1. 931942
«2578+06
1.39059%
«370B+06
1.892059
<2948+ 06
1.327131%
«38818+06
1.85165%¢
«3338406
1.262204
~H03X406
1.808781
«372B+06
1.201679
4158406
1.761956
128406
1.139067
+Q22B+06
1.709%852
+4528+06
1.077673
4268406
1.659522
<4918+06
1.01669%
~42CR06
1.601676
«528R+06

~957888
«U23R+06
1.581854
«5628+06

1

SLEVTR LCOPRLER
WEIGHT WRIGHT

+004739 -297.26
« 2202406 .386K+01
«023212 =134.44
<JUTBA06 JE98+01
«021161 =261.18
« 2578406 .3IEBR+01
035487 =105.44
23708006 .372R+01
2032926 «234.5%9
«29URA0E L JE2R0Y
. 046837 -81.20
+388R40€ L 37UR+01
084238 =215.53
« 333406 3682001
JHO03E+0€ 376840
052662 -200.61
« 3728406 IM2R+01
056364 43,97
<H1SR40€ 3778400
055616 =~187.7%
<H1E406 L 376B+0Y
.0513%8 «26.00
~8221406 3778401
~056748 ~173.26
«HE2E0E L IBORHOY
«049279 -8.73
+H2CEA0€ LIT8R+0Y
.049791 -158,.02
+HITEA0€6 .383Re0Y
039808 Ba 14
<H2ER+0€ 3785401
039908 -144,31
«528E40€ . 3E5R+01
+020162 24,22
<R23E40€ 377801
.023879 ~126.16
+ 5628406 .J87R+00

03/21/78 15.38.238

100

SNR
RADAR

33.83
3
36-57
3“-71
37.00
35.52
2
37.3%
1
36.30
2
37.62
1
37.05
2
37.82
1
37.78
2
37.96
1
38,49
2
38.03
1
39.17
2
38.03
b
39%.81
2
37.97

1
40,40
i

EAGE

I A AN -

C(NRD)
LROP

6.60295%
]
4.58128%
0
2,100
0
3. 20“81
2. 80079
3. SL?6|
0
1. 40342
0
$.30078%
0
6.79252
V]

« 99590
Q
3.27802
]
5.72229
0
3.44492
0

« 92549
0
4.27881
Q
4.10087
0
7.37031
¢
2. 70017
0

4.28859
¢
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6.7.5 Section 5 ~ State Covariance Matrix
This SECTION contains:

1, .State covariarice matrix

2, ilphanumern, description of each estimated state.
3. Corrélation coefficients.

The output from SECTION 5 is generated by routine SECT0S »nd controlled by the OUTPUT 05
data packet. See section 6,2.9.5 for a description.

The Monte Carlc run number is first printed at the top of the page.

The lower half of the symmetric state covariance matrix is printed with a maximm of 7

numbers on each line with wraparound occurring if necessary.

The matrix can be interpreted as the radar measurement space variances transformed by

similarity transformation into the intégration space at the reference time.

The list of state numbers with the alphanumeric description of each state follows the
coviriance matrix.

The array of correlation coefficients CC is then defined from the state covariance matrix

CC(I’J) = P(I’J)/SQKF(P(I’I\)‘ * I’(J;J))

The correlation coefficients array is likewise symmetrical and only the lower triangular
half is printed. ‘

The correlation coefficients indicate the amount of correlation (dependency) between the

various estimated states. The numeric values range between -1.0 to 1.0 and-have the following

, interpretations.

+1.0 High correlation.
0.0 Little correlation.
-1.0 High correlation.

As variable 1 increases, variable 2 increases.

s variable 1 increases, variable 2 decreases.

In the following sample output of SECTION 5 there is a high correlation between the Z
position (state 3) and the Z velocity (state 6) as CC(6,3) = -.9036298. There is little
correlation between the Z velocity (state 6) and the X velocity (state 4) as C(6,4)=-.019751).

If there is too high a correlation between estimated states the estimator could diverge or

the state covariance matrix could be singular.

110

< e
1‘143., s a ek o AR g s R iR

4 he ety

3

o
oo D
e 2

%
Pa%

¢

Ey

:;’C{t Rt

8 5

P

AT
TR

Ry

. . wlo,
R SRR P A X s 44

s

4
3

R e R

W




.,...,
2fos g
“'A‘ o3 ol

7 .-;ﬁ" i

3
AN

o,

A0S

S g 6, Ly
SRaEi e A
e

,m.“

RO

ML
T, e

F ey

KLY

A S
g

>
S eid

A
&

s

i

Y -
Ty e 228

LOCATER PROGRAM SANELE CUTPUT SECTICNY

A PN W G ST %S L N SNV T o LR SR U SR W MW e VR VR G L R U M GR WA W PR T T 40 T E L YA R YR S e e e ek MG Mk G BT VLW TR T LW

SECTION & ~ STATE COVARIARCE MATREXX AND CORRZLATICN CORPRICIANTS #C RUR 1

1 LJCETTRe01
2 L23086B«0%  J17UTIRC02
3 ~.619978200 «.230242+M
4 -, 271728400 < HRSO9EQ0
% +33848%-01 ~,79903%+00
€ .856728-01 .24 1838+00
7 J1CS408-0% .891768-05
«321EE~ 10

STATE NUMBKR

D DNAINE W =

CORRRIATICR COEFRICIANTS

1.0000000
+31%8650  1.0000000
-. 0438736 -, 0684199
=, 0964018  -.3412961
0390349  ~, 3871601
0474350 . 0733318
.0962158 «3416913
1.0Cc00000

A WA -

. T TR R ST PR D PR U R AW VP 6 AW Th G TE W TG T W N T W R TR VRO AT GLEE AT \n TR TP G W em T SA YD % TR G T V40 4 PR VR B8 Th S48 50 Th Wb wm WS W

SECTION 3 0372178  15.28.238 PAGE 7

ARSI AN SN R L

A R R ST

-65090%+02

“« 2B4G220C . 976698~-01
JTEEIIRA00 - 90410801
= STE2GE40T -, 487938~ 02
~Y3330E~04 -« WITE~08

STATER
PCSITICY
POSITICN
TCSITICY
VEILQCKTY
VELCCITY
VELGCITY

RAG (KE)

L7 (9 s € 13 € 3¢

1. 0000000

=-. 1128851  1.0000000
< 1916100 -~.€102038

~.9036298 ~.0197517
« 4632798 ~.752946%

=~ 24BOUS-01 L6248 Re00
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6.7.6 Section 6 - Launch Conditions- and Residual Statistics

This SECTION prints the estimated trajectory parameters at
i along with the weighted residual statistics for sach Monte Carlo rum,

6.is generatod by subroutine SECTO6 and is controlled by the OUTPUT 06 data packet,
section 6,2,9,6 for the doscr:l‘ption.

For sach run the following is printed:

;
;.
5 are dosired.
Header
RUN
Vo
QE
ANF
T FIRE
®
=4 Q
Q8
e QRDOT
Q ToT

¥ FIT

Pescription and Units

Monte Carlo run number or réal
data set number

Velociry magnitude (m/s) of
state vecror

Quadrant elevation (degrees)
measured -90 straight down to
+90 at zenith

Azimuth of fire (degrees)
measured clockwise from north
(0 to 360 deg)

Time of estimated trajectory
extrapolated to the specified condition.
In the sample of SECTION 6

output, the T FIRE for run #1 is

~.15 second. The stute vector

valid at the specified condition

has a time tag of -.15 second.

Weighted squared range residual
(unitless) averaged over the mmber
of good measurements in the track file.

Weighted squared azimuth residual
averaged over the number of good
nessurements in the track file,

Weighted squared elevation residual
averaged over the mumber of measurements.

Weighted squared doppler residuals
averaged over the number of measurements.

Mumeric sum of QR+QA+QE+QRDOT
which is the total weighted square
residual statistic.

0 good fit
1 Indicates that -the estimator is

a specified condition
The output. from SECTION
See

The default data packet specifids that each estimated state vector will be extrapolated to

the éround terrain at launch., This optivn may be ovarwritten if other extrapolation conditions

N

diverging, possibly due to a near singular

state covariance matrix.
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NITER Iteration counter.

If a cortain meoasurement is not included in the radar measurement space the' Q component
wiil be zero,

The average (AVE) and std. -dev. (SIG) aré than computed for-each-of ths above itoms based
. on all good runs (variable FIT must be 0),
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LCCATER ?BOGR!}—SI&?LE OUTPUT SECTIONS

LY Y oo - -

SECTICE 6 ~ LAUNCE CONDITIONS AML WEIGHTED RESIDUAL STATISTICS

RUN VO QE AZF T FIRE QR ca GE CEDCT ¢ TOT FIT NITER
¥/S DEG LEG SEC '
1 396.4 17.10 330.1 ~.15 .844 1,051 .963 1.011 3.9 0 3
2 396.5 16.89 330.1 =.12 1.627 .790 .776 1.497 4.€90 0O 3
3 392.6 16.93 330.0 .01 .862 .96t .885 1,022 3.735 O 3
4 392.0 16.83 330.0 .05 .B67 .631 1.001 .881 3.380 O 2
5 393.2 16.89 330.¢ ~.00 1.42& €4S .858 1.17€ 4,308 O 3
§ 395.7 16.92 329.9 ~.12 .49 .631 .784  .829 2.994 O 3
7 394.7 16.97 330.0 ~-.08 .52%8 ,794 1.069 .€5¢ 3.0u6 O 3
8 392.1 16.8Y 330.1 .05 1.849 .862 ,833 1.304 4.847 O 3
9 391,6 16.83 329.9 .09 .828 .€87 1.302. .€04 3.421 O 3
10 397.4 16.95 330.0 =-.13 1.243 .994 1,025 .520 3.783 O 3
11 394,2 16.85 330.0 ~.07 1.265 1.314 .863 .869 4.310 0 3
12 392.5 16.87 330.0 <-.04 1.398 1.291 .924 .859 4.472 0 3
13 392.3 16.85 329.9 <08 1.210 .9€5 1,487 1.163 4.826 O 3
14 392.9 16.70 330.1 ~.02 .539 .848 .570 .676 2.633 0 3
15 394.9 16.96 330.0 <~.09 1.528 .9€4 1.401 1.00€ 4.520 0O 3 ¥
16 391.9 16.87 330.¢ 08 641 .463 .B11 1.002 2.917 0 3 £
17 386.7 16.86 330.0 .26 1.197 1.04e .803 .95S 4.008 O 3 =
18 395.6 16.80 329.9 =~.12 1.280 1.058 .846 1.461 U.644 O 3 f
19 390.5 16.99 330.0 <12 L4827 1.325 1,114 1.02€ 4.€92 0 3 !
20 389.6 16.88 330.0 <16 .728 1.069 1.621 1.081 4.499 0 - 3 ]
8
AVE 393.2 16.89 330.0 -.01 1.102 .931 .997 .9€0 4.010 3.0 3
sI6 2.5 .08 .1 211 378 .226 L2671 .255 .T722 0.0 ‘ ﬁ%
Ik

THE ABCVE STATISTICS IS BASED ON 20 CUT CF 20 RUNS
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6.7.7 Section 7 - Track Residuals

This SECTION prints. the radar measuremsnts and vesiduals for each point in the track

file for every Monte Carlo run and plots the residuzls. The output from SECTION 7 is generated

by subreutine SECT07 and is controlled by the CUIPUT 07 data packet. See Section 6.2.9.7 for

the description.

The foliowing items ave output:

HEADER DESCRIPTION and UNITS

NPT Point number

THRE Time of measurement “(sec)

R Range measurement (m)

DR Range residval (m) which is
measured range minus estimated
range

M Azimuth measurement (rvadians)

DA Measured azimuth-estimated
azimuth (mr)

EX Elevation measurement (radians)

DE Measured elevaticn-estimated
elevation (nr)

RRM Doppler measurcment (m/s)

DRR Measured doppler-astimated doppler (m/s) ,

IDRP bojnt drop code

6 good point

1 point dropped from data
pre-edit test.

2 point dropped as SNR is
is below specified

4 point dropped from data
post-fit-edit test.

1f any point is dropped the
residual is zero.

If the radar does not take a particular measurement component the residual is always zero.
The aversge treck residual (AVRGE) and std. dev. (SIG\) is then computed for each
measurement. component based on all good  points in the track file.

The graphics output of SECTION 7 plots the track residuals (meastired value-estimated
value) vs time (sec) for each good point in the track file. For cach run every measurement
component will produce 1 subplot, all of which are on I page. A dashed line 1is plotted at

AVRGE + SIGMW and AVRGE - SIGA. Points that have been dropped by the estimator will NOT be

plottec..
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H
LCCATER EROGRAN SAMPLE CUTPUT SECTIONS :
SECTICN 7 - TRACK FESILUALS FOR FUN NUNPER 1 :
NPT TINE RN DR AN DA EN bE REM  DRR  IDRP
1 .200 11363. =4.7 1.9766 4.045 .0047 3.059 =297.3 =.1 0 ;
2 2.000 9712. 5.0 1.4575 1.531 .0232 2.782 -134.4  =.2 0
3 2.200 10807. =2.6 1.9319 =.887 .0212 1.422 -261.2 60 r
4 4.000 9467. =1.8 1.3906 =-1.207 .0355 =.820 -105.4 ~=.8 0
€ 4.200 10318. 2.9 1.8921 =.495  .0329 =1.418 =234.6 =.7 0 ;
& €.000 9279. =3.9 1.3273 -1.EE1 L0468 ~-.794 =-81.2 70
7 6.200 9872, 4.3 1.8517  .706  .0442 =1.237 =215.5 00
8 8.000 9144, 1.3 < 2622 =3.583 L0547  .170 -62.3 ~=.1 0
9 8.200 9441, =10.1 1.8087 1,755 0527 ~.387 =200.6 60
10 10,000 9031, =2.9 1.2017 =.830 .0564 ~=.500 -44.0 =.3 0
11 10,200 90§7. 5.4 1.7620 1.833 .0556 =1.091 =187.7 =.3 0
12 12.000 8968, 4.0 1.1391 =.3€€  .0514 =3.447 =26.0 =.0 0
13 12.200 8693, =8.4 1.7096 ~-.803 .0567  .754 =173.3 20
1% 14.000 8931, 2.1 1.0777  .628 .0493  1.1€0 =~8.7 10
15 14.200 8372, 3.6 1.6595 1.905 .O0498 =.660 =158.0 70
16 16,000 8931, 2.2 1.0167  .888 .0398 2.790 8.1 30
17 16.200 8068. .8 1.6017 =.290 .0399  .272 -144.3 -1.4 0
18 18.000 8957, <=3.2 .9579 1.727 .0202 -1.5€4 24,2 10
19 18.200 7805. 7.0 1.5419 =1.697 .0239  .713 -126.2 =.3 0
TRACK EESIDUAL STITISTICS RUN 1
RANGE(N) AZIMUTH(MR)  ELEVATION (MR) DOPBLER (H/S)
AVRGE .055 . 174 .059 -.052
SIGNA 4,636 1.706 1.633 .516
5 ;
e ?
.i{ :
b
'r‘
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6.7.8 Section §.- State Estimation Statistics

This SECTION prints the estimator performance for each state that is constant in th2

trajectory.

See section 6.2,9.8 for the description,

There are 3 lines of output for each run:

1. Estimated state vector.

2. State vector for initialization of estimator,
either true, nominal, derived from
measurcments, or a specified state vector
(VECTOR packet) depending on option
specified by ITEM #3 of the ESTIMATOR packet,

3. Difference between the estimated state vector

and the state vector that initiallzed the estimator,
( Line 1 minus Line 2 )

" Each column has the following headings:

MC

5 6 B

g B 2

™

Monte Carle or real data run number
Drag state (nm/kg)

Spin state (m/ss)

East wind component (m/s)

North wind component (m/s)

Range bias (m)

Azimuth bias (mr)

Elevation bias (ar)

Doppler bias (m/s)

Miltipath amplitude (mr)

Multipath B parameter., 2 pi/iM is
period,

}-mtigath C parameter. Q\/BM is
the phase in radians.

Statistics on the estimation performance are at the end of SECTION 8,

the average difference betwcen the estimated state vector and the initial

the second line is the std. dev. of the difference.

The following pages are examples of SECTION 8 output.

‘The output from SECTION 8 is generated by subroutine SECTO8 and is controlled by
the CUTPUY' 08 data packet.

The first line is

state vector while
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LOCATER PROGRAM SAMFLF CUTPUT SECTICNS

AR AP S S W U TR DS S P D D W TR VD P T WD WL O U5 TE G Oh 4 s 4P SR & 5 Uh OB S0 G WH 0 0 h W S G G906 T EB ' SR WS W 40 OO Su @

RE A

. T vmpre "
g7 o \ et gt e i .
P P ST DL SR AW 3.2, g7 1 4 igh D LA

13 .7“72““!"03 a‘s ‘3.5 '3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
«446718-03 .15 -3,5 «3.5 0.0 0.0 0.0 0.0 0.0 0. Q.
«2572632-08 0.00 0.0 0.0 0.0 0.¢ 0.0 0.0 0.0 O. 0.

) Q7‘.50878'03 15 «3.5 =3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
- 7485398-03 .15 «3.5 =3.,5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.3451992-05 0.00 0.0 ©€.0 0.0 0.0 0.0 0.0 0.0 0. 0.

15 - 7488802=-023 «1% =-3.5 «3.5 ¢.0 0.0 0.0 0.0 0.0 0. 0.

.7524088-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. c.
-.3527748~05 0.00 0.0 0.0 0.0 0,0 0.0 0.0 0.0 O. 0.

16 «74868UE-~03 «18 ~3.5 =3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

- 7562762-03 .1% -3.5 -3.5 0.0 0.0 0.0 ¢.C 0.0 0. 0.
-.7592242-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

17 «75110728-03 «18 «3,5 «3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

«7601458«03 .15 -3.5 -3.5 0.0 ¢€.0 0.0 0.0 0.0 Q. 0.
-.5037632-05 0.00 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

18 «7658768-03 «15 =3.5 «3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.75“0133'03 « 18 =3.5 -305 0.0 0.0 0.0 0.0 0.0 0. 0.
.1862418-05 0.00 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0. 0.

’9 17612683-03 -15 -3.5 "3-5 0.0 0.0 0.0 0.0 0-0 0. 0.
.7678828~03 15 =3.5 =3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.6613758-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O. 0.
20 «76%3€69E~03 «18 3,5 -3.5 0.0 0.0 0.0 0.0 0.0 O, 0.
«7717502-03 +15 3.5 -3.% 0.0 0.0 0.0 0.0 0.0 0. G.
-.1781098-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O, 0.
ESTIMATION STATISTICS BASED ON 20 CUT
KD XS L} ] NN B AE CcH
-.158€39p-05 0.0¢ 0.0 0.0 0.0 0.0 0. 0.
«765393%¥=05 0.00 0.0 0.0 0.0 0.0 0. Q.
SECTION 8 03721778 15.40.02 EAGE 30
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6.7.9 Section 9 - Lauch Point Estimation

This SECTION extrapolates the ostimated state vectors to specified conditions

allowing:

1. Launch point prediction.
2. -Intercept modeling.
\ 3. Impact point prediction.

The output from SECTION 9 is gonerated by routine SGECT09 end iz controlled by the OUIPUT
09 duta packet.

S o
S G T Y 3T A S e

o

The various extrapolation options are:

X

+1  Extrapolate to a specified altitude.
A +1 means the post-apogee.side of the
trajectory while a -1 mesans pre-apogee,

+2  Rxtrapolate to-a topugraphic -surface.
if no terrain map is input the weapon
altitude is used. The + spécifies post-apogee
while the - specifies pre-apogee.

RTINS

3 Move all state vectors to.a specified time,

4 BExtrapolate the stite vectors to a
time increment after time of last track point.

%

R pinies

The default option is -2 i,e., compute mics distances at launch,
PRINT DESCRIPTION

&

>

IR
oot ki
FEEA

The first part of SCECTION 9 prints the extrapolation option rnd alphanumeric description
along with the value. In the sample output, option -2 was specified but no topographic map was

input hence the option was changed to specified altitude (option -1} which is 30 meters
(height).

For cach run the sstimated and initiulization state vector are extrapolavad to tho same

B * condition and the position component differences are ccaputed. ‘The following is then printed.
MC Run mumber

FERRE SRR
’ 7 o
R e S s £

7 XM X (East) component of miss distance (m)

Y™ Y (North) component of miss distance (m) N

(M) Z (up) component (m) ; !

The miss distance components are the estimated g

minus the initisl positions, i

R(M) Miss distanc® magnitude (m). [,ﬁ}“

¥ SQRT (XAX+YAY+ZA2) 2
. ; ) P
B | Q00D FIT 0 Good Fit &
£ . 1 Bad fit, The bad fit miss 2
g distances are not included in g‘;
23 the statistics. :;1
3
o 4 K
£ %
3.3

E Ki

i g‘]
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In the sample SECITON 9 output, the sstimated state voctor was 15.9 m. East und 30.5 m,
North of the true launch location for the 1llth run.

For all good fits the sverage and std. dev. of the miss distance components are computed 8

;’; and printed, ’ ;

5 Tho next line contains: t ;‘ji

4 ' 1. Average R averago miss distance (m) N f§
2. &):{gnm\ R std. dov. on miss distance (m) § E
3. CBp the median miss distance (w) } q
E: GRAPHICS DESCRIPTION :;
: SECTION 9 also produces a tile of miss distance components which is subsequently plotted ‘%
by external prog.wum MISSCEPPL when LOCATER has finished execution, The genoration of this {ile i E

i is controlled by ITIM #3 of the QUIPUI 09 dats packet. If tho ITEM is 1 the file is written. jj

> { The description of the plot (see sampic balo;v) is us follows: «'v%
! The true weapon launch location is ut the coordinates ( 0,0 ) whore the cross-hair linos E
} intersect. Note that tho Enst divection is horizontal while the North orientation is vertical. :%

) ! The array of miss distances is then scanned and and appropriate grid size is chosen for J;
£ ‘ either a 100 m., 200 m., 400 m,, 100C m., or 2000 m. squsre. Each miss distance is then ;
; z plotted; the symbol used being o small square, If any miss distance is off the scale, it will ;i’
§ not be plotted. ‘ E
; , The covariance matrix of miss distance components is then generated and disgonalized. The %

\ ellipse semi-major, semi-minor axes along with the inclination of the semi-major uxis from ?

o

north is then printed. %
' J A dotted circle with the radius of the median miss Jdistance is then drawn with the center :
g being the true weapon location. 'This is considered the CEP (clrculur orror probable) of the 1
" systom. :E
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XNTERCEPT

=
(2}

- -
EBLORSDO LD DRRELIN

15

AVE
SIG

LCCATER PROGRAN SANFLE CUTRUT SRCTICRS

VT A T TR W W LV BN O TR T B S R W 0 T A B N W UG YD W D O OB S T S T vk ) L U VS R O W L T WA W) B e U D O i U U B e OB T e B 0 VD A YA R WA SR TR VR A U WA LA VR

SBCLIQN 3 INTERCERT RGUTINE

t OPTION =2 (SPECIFIND ALIXITUDN
STATISTICS BASED ON 20 CUT OF 20 RUNS

Xi8)

25.3
23. 4
3.¢
=3, 5
3.8
32.0
19.7
-SRG
=10.8
7.8
15.¢
1W.3

-2.2

5.2
20.%
«10.9
~43.9
28.3
24,2
-27.3

4.8
80.2

AVERAGE R=

Y in)
-58.5

o &

t

|
- £
O% % EIN O W O

5.3

Je
35.0 ¥, SIGNA R

037217718

AL

-0
-0
"10

“0
-0
]
-0

«0

0
-:‘0
.QO
-0

“0
“0

_18. 4C. 0N

R{N)

684.1
52.3
10.4
20.7

6.3
40.5
k.3
13.5
33.6
49.2
4.4
16.9

)VALUE=

30.00000

GOoD K1l Q

DT OoOCOoOODO OO OO OHD

2G.9 ¥, TKRP

FAGR

k] e 8

\
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6.8 Plot Descriptor Card:

Al A e Ay

The plot descriptor cand (columns 1-80) contains information that wniquel

the output plotsproduced by LOCATER, Suggested content may. include:

L ‘R number (date or time}

2. RADAR name or paramctors

3. K of estimated states .
4. Projectile type

y identifies

The description will be printed at the bottom of each plet p{iée for both the n

niss distance
{section 6,6.9) and the residual plots (section 6.6.7), If the descriptor cand is left out of

the run deck NO plots will be produced.
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‘§ T 7.0 ENXAPLES OF PROGRAM OPERATION
| This section exerplifies the application of IOCATIR in its varisus -modes, of dperation.
demonstration runs have been prepared which ard examples of: ~

Real data analysis Section 7.1

Complete simulation Section 7.2

Simulation on an external trajectory  Scotion 7.3

Miltiple radar simulation Section 7.4

The first three cxamples consider an instrumentation radar tracking the downleg portion of

ten 155 wm howitzer trajectories, The purpose of the examples is to addross the suitubility of

the dynamic model, validate the estimation algorithm and compare the performance of the

trajectory estimator using the three similar data bases.
The first set consists of real recorded trajectory measurements, while the second set uses

LOCATER's internal dynamics to simulate a  trajectory uccomling to the same initial launch
condjtions as in set 1. :

The third set utilizes an external program, A Modifiad Point Miss Trajectory Simulation

] . s . -
(MWMES),”  developed by the  USA Ballistivs Rescarch laboratory, to similarly gencrate a

trajectory like exumples 1 and 2.  Gaussian measurement noise errors,

chavacteristic of the
2y radar's real errors, are then determined and added to data sets 2 ad 3,
‘ ’ - Bxample 4 addresses the problem of two hemispheric coverage ‘x‘adar.-: in a netted
, . configuration tracking a 105 wm howitzer launched with a low firing quadrant elevation.
"‘"7§ : Statistically modeled bias evrors, themmal and jitter errors, along with wropospheric
; . . rvefraction errors are inclided to corrupt the wnerroved trajectory simulated by LOCATER.
S

For each set of measurements or run in examples 1 to 4, the trajectory which hest fits the

radar measurcments will be determined. The lawch point state vector will then be established

by extrapolatipg the fitted state vector to the physical terrain.  This process is termed
“backtracking®.
Two quuntities are of pavamount importance in the LOCATER REPORT,

The first, located in
SECTIQN &, is 'Q TOI™ which

is the total weighted squared residusl error for the estimated

trajectory.  This may be used in conjunction with the track residuals cutput- of SECTION 7 to

deteminge the quality of fit over different track segments. The second quantity is the miss

distance components which are the dirfference between the estimated lawch point state vector
and the true weapon location.

The array of miss distances for each example are sovted in

increasing magnitude, calling the median miss distance the Circular Error Probable (CEP). This
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is denoted by the dashed circle drawn about the true woapon Jocation in SECTION 9 - PLOT
OUTPUT.

The description of each LOCATER output SECITON may be found in section 6.7,

7.1 Real Data Analysis

7.1.1 Problem - Illustration

At Wallops Islamd, Virginia, in July 1970,

a series of trajectory position
measurements were tuken by the AN/FPS~16m

instrumentation radar.  The data consists of
presmoothed 1ange, azimuth and elevation observations every .1 second for twenty-three 1S5 mm

howitzer rounds which were fired with different initial velocities and quadrant elevations.
Each projectile was acquired about 3 to 4 seconds after launch.
The test series included ten younds which were fired with the same initial conditions;
wqmdrant’e‘lévatim of 700 mils (about 39.4 degrees), an azimuth of fire 130 degrees, and with
a muzzle velocity of 564 m/s (charge 7K). See Figure 7-1 for the systan geometry, and Table

7-2 for the meteorological conditions.

A subset of "the data from 20 ssconds to ¢ nominal impact time of 54 seconds at a PRI of 2

seconds was prepared from these 10 rounds. The initinl track time was chosen to construct a

downleg segment which forces the integration of state vectors through the sonic transition,
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. no?m 18-4-20058
rl RADAR
. 1 3

‘ k
& “
© %
g o
N ) %
| .
‘ LAUNCH 3
N - X - E ‘.
h——-—--—zu.sm-—'jf 40" AST ; &
R

{ o

b

b
TO IMPACT "4

WEAPON
] - TYRE 155-mm HOWITZER %
CHARGE 7w A
INITIAL VELOCITY 564 m/sec
QUADRANT ELEVATION 700 mils {3200 mils = ¥ radions) U
AZIMUTH OF FRE 120° CLOCKWISE FROM NORTH 4
FLIGHT TIME 54 soc A
LAUNCH ALTITUDE 3.83m %

x

RADAR 3

1}

NAME AN/FPS-16 INSTRUMENTATION f
MEASUREMENTS RANGE, AZIMUTH, ELEVATION g
i 0.1 sec
ALTITUDE 14.06 m
LONGITUDE 75.4851° WEST 3
LATITUDE 37.8413* NORTH &

4

Pig. 7-1. Geomotry of Wollops Island tests for Jemonstration examples i
1 to 3. Location of AV.FPS-16 radar and 155 nm howitzer. &
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The. mandatory data packets for real data annlysis include:

MISSION Sectivi 6.2.6 ,
TRACK Section 6,2.14
WEAPON Section 6.2.15
-RAIMR " Section 6.2.10-
; N Other packets which are necessary to ‘override default valués are:
‘ METRO Section 6.2.5
ouTPUT Section 6.2.5
ESTIMATOR . Section 6.2.3
- The first card in the LOCATER input deck is the TITLE card-which for this example is:
AN/FPS-16 155 MM-REAL DATA ANALYSIS
Each data packet then follows the TITLE card according to the rules specified in section
’ 6.2.  The body of cach data packet has been indented so that the packet rame card stands out.
E L i See the SECTION.1 output for the listing of the LOCATER input data cards.
5{‘?’13 S »
. TAPE PREPARATION
; -~ The real data for this example fesides on 7 track magnetic tape and was prepared acco;ding
e to the rulés specified in section 6.3. The structure is: :
.: Title card of round 1
¥ Time, Pange, Azimuth, Flevation in. fowmat (1X,2F:2.4,2F12.8)
E. Tupe mark (EOF)
Title card of round Z-
R Measurements of round 2
Tape ;mrk (EOF)
Title card of round (10)
Measurements of round (10)
s - Tape mark (EOF)
- |
5«;‘1 This tape would be requested as TAPEZ in the control card deck. See section 6.5.2.
2 -
2 LOCATER does not reposition the tape so the user must insute that the tape is positioned
’ - correctly. The data set for the first round, number 5124, ic shown in Table 7-1.
* The output from LOCATER for this example follows in section 7.1.2.
<P
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g.
TIME RANGE AZIMUTH ELEVATION
(s2c) (m) (rad) (rad)
20,0000 7624,8768 2,27528652 48736106 i
21.0000 7888.5288 2.27546455 47706205 oo
22,0000 8147.3040 2.27574354 46645411 !
23,0000 8402.1168 2,27595497 45553377 5
24,0000 8650. 5288 2. 27623597 44427310 i
25,0000 8896.5024. 2.27639479 43278030 R 7
26,0000 9136. 6848 2, 27674036 42104664 !
27,0000 9374.4288 2, 27760254 40867770 i
28,0000 9606.3816 2. 27731456 .39639603
29,0000 9834, 3720 2, 27744022 .38377925 ki
30,0000 10059.9240 2, 27784113 . 37094083 *
31.0600 10282.7328 2. 27823259 .25774112 3
32,0000 105074936 2, 27874047 .34434071 3
i3 133, 0000 10718.2920 2. 27903194 . 33070992
34,0000 10932.8712 2, 27943161 .31685049 -3
’: 33,0000 11144.7072 2, 27971610 .30276243 4
36,0000 11355.6288 2, 28015591 . 28849809 i %]i
37.0000 11564.4168 2. 28063936 . 27413253 J E
_ 38,0000 11769.2424 2. 28038894 .25925035 é 2
: 39,0000 11976.8112 2. 28136540 . 24450606 i ‘
40.0000 12180.7224 2, 28162022 22949473 : x
41,0000 12384.9384 2. 28199895 .21429841 ;
: 42,0000 12587.0208 2. 28247018 .19885995 i %
i 43,0000 12791.5416 2. 28284018 .18337518 ?
: 1§ 44,0000 12994.2336 2. 28314736 16766574 ; §
{: 45,0000 13197.8400 2. 28365524 .15194931 ' *;
46.0006 13400.8368 2. 28395368 .13618052 f 1
j 47,0000 13603.8336 2. 28439001 .12003126 ! -r
I 48,0000 13808. 9640 2, 28466926 .10406700 , §
; f 49,0000 14012.8752 2. 28501832 ,08774321 ! :
e 50, 0000 14217. 3960 2. 28545115 .07161839
: 51,0000 14423.4408 2. 28564663 . 05542200 >‘
; 52,0000 14630, 0952 2. 28618592 .03953628 2
53.0000 14837,9688 2. 28636569 .02370117 : g
ig P
b
TABLE 7~1 AN/FPS~16 Radar Measurements for the first ‘33
round, #5124, -
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9.0

304.8

. 609.6

924.4

12192

3 1824.0

& 1828.6

o 2113.6

3 2438,4

o 2743.2

%?§ 30a8.0

3 3352.8

3 i 3657.6

- 3962.4

%ff : 4267.2

"4 60960
.:-:« ir»
g
O
b
"

BRIGHY
Smeters)

TEHP%FATURR DRNSIWY
\ m”

L S N, Sepfw?),

J00.73 116797
299,83 1.13a33
297,39 1.10590
193.69 1.08120
292,43 1.04967
240,49 1.02307
288,63 0.99162
286.99 0.96250
285,23 0.934%3
283.73 0.90670
282,16 0.87890
280,59 0.85177
279.19 0. 82483
217,43 0.29957
276.06 0.78370
276,06 0.78370

Table 72 - Layored wetoorologleal conditions for demoustyation

axamples Y to 3.

131

HBYGUHT
WINDS

(motors)

0.0
04,8
6J3,6
914.4

1219.2
1524.0
1828.4
2133.6
U384
2743.2
3043.0
3352.8
3657.6
3962.4
4267.2
6096.0

JBAST
WIND
Am/8)

~3.7493

~2.5618

-1.3125

-0.1526

-0,1701

~0, 0444

«0,3735

~0.8256

=1,0068

-1,06064

~1,2161

-1.5483

~2,0625

~2,2255
~2,2891

~-2.2881

NORTH
WIND

)

11118
=1.424
~2.5714
~3.0589
=2.9015
=2.5540
=2.4936
~2,9002
-3.4127
=3.5984
=3.5510
-3.2232
-3.1227
-3, 0280
-3,4182

3. 41582
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712 Sample Qutput

AN/BPS-16 155 uN REAL DATA ARALYSIS

====INPUT DATA CARDS=w==

AN/EPS=1€ 155 MM REAL DATA ARALISIS
NISSICX 01

VIRGINIA. PROGRAN RUN NODR IS 3 (DATA IS ON TAF2 )$

RINT CONPONENT.
$USE TYPE 3 NXIRO PACKET (LAYRRED), THR PORMAT IS $

3352.8 280459 0.85177 33%82.¢8  =1.5483

TRACK 01

$USE WEAPON 1 TRACKED BY RADAR 1 §
WEAPON 01 155 MM HOWITZER

$TAG TINE CY O SECONDS

AT ALTITUDE OF 3.83 MBTERS.

INITIAL VELOCITY 1S S64 M/S

AZYIMUTH OF PIRE XS 2311 MILS

QUADRANT BLEVATION IS 700 NIXS

SHEL1 CIANETRR o155 NETERS, MASS 842,.18182 KG

DRAG FACTOR XS 1.0, DRAG CURVE NUMDIR 1§ 1

USE NETRO CONDITICNS SPECIFIRE IN PACKET 1.

RCS OFTION 0 (CONSTANI) VALUE OF -10 CBSH

SPIN CCNSTANT IS .25 M/SS

DRAG UNCERTAINTY C, SPIN UNCERTZINTY 0 ¢
RADAR GR  AW/¥FS-16

AT WALIOFS JSIAND, VAS

SECTICN 1 0372178 15.20.01 PAGE

$ANALYZE 10 RCUNLS OF REAL DATA TAKER AT WALLOPS ISIAND,

HETRC 0Ot NETECRCLOGICAL CONDITIONS FCR ROURDS &124¢ <0 5169
THE POLLOWING TABLE XS A LAYRRED NETECROLOGICAL HESSAGE.
THE CCLUNNS ARE: 4. HEIGHT(METERS) OF TEND AND DENSITY
2. TINPERATURE (XKELVIN), 3u DRENSITY (KG/N#*}), 4. HEIGHY?
{METERS) QF WINDS, 5. BAST WIND COMFONENT (%/S), 6. NORTH

(6¥10.0)

0.0 300.73 1.16797 0.0 =3.7495 t.1119
304. 8 299.83 1. 13433 04,8 ~2.5638  -1.3624
609.6 297,39 1.10590 609.6  ~1.3125  «2.5714
9144 293.96  1.08120 9144 ~-0.1536 ~3.0%98
12192 292,43 1.04967 1219.2 0.1701 =2.9015
1524.0 290,49  1.02037 15266 =0.04U4E 2,854
1828.8 288.€63  0.99161 1628.8 ~0.3735 -2.4936
2033.6 286.99  0.96250 2133.€6 -0.8256 ~-2.9002

2u38.4 285.23  0.93493 2438.4  ~1.0068  =3.4127
2743.2 283,73 0.90670 23,2 ~1.0664 -3.%984
J046.C 282,1¢  0.87890 3048.C ~1.2161 =-3.
=-2,2232
3657.¢ 279.19  0.82483 36587.6  =2.0625  -3,1227
3962.4 277,43 0.79957 39€62.4 -2,2255 -3,
4267.2 276.0€  0.78370 4267.2  =2.2891 -J.
§096,0 276.06  0.78370 609€.C -2.2891 -3.4152

5510

0280
4152

POSITIONS ARE 254,62 NRTERS EIST. =266.833 NRTEHS NCFTH,

THE AN/FPS=16 IS AN INSTRUNSNTATICN TYPE RADAR ICCATEIL

$LOCATION 73 O MBTIRRS BAST, O EETERS NORTH AT ALTITUCE
1,06 NETERS. LCNGITUDE H.96572177€ LATITUDE 6604582702
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AR/FPS=16 155 NN REAL LCATA ANALYSIS 3
NEASURZMENT SEACE IS RANGE 1, AZINUTH 1, ELEVATION 1, 4
BUT NG DOPPLER O OR SIGKAL NCISE RATIO 0. :

RADAR EIASES O NETEES RANGE, O RADIANS AZINUTH, O RADIANS 3
SLEVATION, 0 NETERS DORPLER y

THERMAL ERROR SIGMAS ARE 50 METERS KANGE, .00078 RADIANS AZIMOTH,
.00078 RADIANS ELEVA'TION AND 0.0 M/S DOPPLER

JITTEF BRRCR SIGNAS ARE 1.344 METERS RANGE, .000037 RADIANS AZINUTH,
+0000€9 RADIANS ELEVATION AND 0.0 M/S DOPELER

SEPEFENCE RANGE( RANGE AT WHICH A ZERO DBSM TARGET RETURNS A SNR OF
Z¥RO DB) IS 5560(0 METERS.

SNF THRESHCID XIS ~-13 (B

FREQUEFNCY IS 5600000000 HZ, BLEVATICN BEANWIDTH IS .0108 RADIANS.
NC RENMCVABLE EIASES O M RANGE, O RAL AZ,0 RAD E1,0 M/S DOPPLER
NO RENOVABLE NULTIPATH PARAMBIERS A=0, B=C, C=0 §
CUTFOT 02 ©NCNINAL TRAJBCTORY
$GENERATE SECTION 'TWO,OPTION (1)
FRINT TRAJECTCRY COVERAGE FOR RADAR NUMBER 1 TRACKING
WEAPON NUMBER 1. THE TRACX INTERVAL IS TO D%
PRCM 20 SECCNDS EVERY 1 SECOND TO IMPACT (-999)d
THE PRINTODT FORMAT IS TO BE IN FCLAF RAB FORNAY 2.

e 123 o S s S R

oA TN >N

s g s
Aol A

-

Y S et S s

THERE 1S
TC BE NG TAFE CUTEUT 0 $
QUTRUT 03
$PRINT CONVERGENCE REPORT 1 ONLY FCF THE PIRST FUN 1 $
ouTPOT 07

$PRINT TRACK RBESIDUALS 1, WRITE THEM TC TAPE 1, FCR 7
ALl BUNS O
oyreuT Qs

SEXTHEAPOLATE THE FITTED STATE VECICRS TO THE GROUND ‘

OETION -2 AT LAUNCH O METEBPS. FRCDUCE MISS DISTANCX ELOTS 1§ f
ESTINATOF 01

$USE MAXINUM LIKELY BSTIMATOER 1, USE EADAR O PCH WEIGHT

CCMFUTATICN. STATE VECTOR INITIALIZATION IS -3 (USE {

MEASUREMENTS. MAXINUM NUMBER CF ITERAMIONS XS 10,

CCNVEFGENCE CPFTICKN 1 (POSITIONAL) VALUE IS .5 METERS.
NO A PRICRI VALUBS 0

ESTIMATE POSITIONS 1 EAST 1 NCERTH 1 HEIGHT
VELOCITIES 1 EAST 1 NORTE 1 EBIGHT
DRAG, SPIN V 1
NC WIND 0 O
BIASES ¢ 0 0 0
BUITIFATH 0 0 O

LY
3

s

o i

e AR 2 e AT

i
e

s
END
(1X,2r92.4,2712,.8)
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AR DA BRI R T W T L SIS, i
: AN/¥PS-16 155 NM REAL DATA ANALYSIS
{E -nunu-------n.h-.n--o--—r--uﬁ-n--—----—u--nn-u-.------.---nwn—--n-n-—u--u-h----._——---.-
: RADAR 1 TRACKING WEAPON 1 .
3 TINE(SEC) R(#)  AZ(NR) EL(NR)  RDOT AZDOT KELDOT VEL  SNR(DB)
- 20.000 7721.5 2283.28 485.21 269.4 .23 =10.17 280.6 64.29
b 21,000 7988.2 2283.52 474.88 264.0 <25 =10.50 277.0 63.71 .
' 22.000 8249.6 2283.78 W464.21 258.9 <27 =10.82 273.8 63.15
¥ 23,000 8505.0 2284.06 453.28 254.0 «29 =19,13 271.0 62.61
: 24,000 B757.6 2284.36 AUW1.97 249.3 <31 =142 268.6 62.11
: 25,000 9004.6 228Y4.68 430.40 2uk.8 32 11,70 266.6 61.62
¢ 26,000 9247.3 2285.00 U18.5€ 2U0.€ <33 ~11.98 264.9 61.16
! 27.000 9486.0 2285.°% 4LO06.45 236.6 <34 ~12.24 263.6 60.72
: 28.000 9720.7 2285.69 394.08 232.9 .36 -12.50 262.7 60.30
; 29.000 9951.8 228€.05 381.45 229.4 236 =12.75 262.2 59.89
; 30.000 10179.6 2286.42 368.57 226.1 .37 -13.00 262,0 59.49 ‘
: 31,000 10404.¢ 228€.80 355.46 223.1 ~38 =13.23 262.2 59.11 5
: 32,000 10625.8 2287.18 342,11 220.3 <39 -13.4€ 262.7 58.75 4
! 33.000 10844.7 2287.57 328,53 217.7 w39 -13,69 263.5 358.39 ¥
: 34,000 11061.2 2287.97 374 215,13 -40 ~-13,90 264.6 58.0% .
: 35,000 11275.5 2288.37 300.73 213.2 JH0 =411 26641 57.7% v
36.000 11487.7 2288.77 286.52 Zz1%.4 ST =003 267.8 57439 %
37.000 11698.3 2269.18 272.10 209.7 J41 ~1H.51 269.8  57.08 £
38,000 11907.3 2289.59 257.50 208.3 41 -14070 0 27241 56,77 By
39.000 12115.0 2290.00 2u2.72 207.1 S41 0 ~14.87 27006 56447 S
40.000 12321.6 2290.42 227.76 20€.2 .42 -15.04 277.3 56.18 ¥
41.000 12527.4 2290.83 212.63 205.4 ~42  =15.20 280.2 55.89 i
42,000 12732.5 2291.25 197.35 204.9 J42 15,36 283.3 55.61 3
83,000 12937.3 2291.67 181.92 204.6 <42 -15.50 286.6 5%5.33 i
44.000 13041.9 2292.09 166.36 204.6 L42 -15.63  290.0 55.06 f
45,000 1334%.5 2292.50 150.66 204.7 JH2 =15.75  293.5 54,79 iz
46.000 13551.4 2292.92 134.85 205.0 L42  -15.8€ 297.1 S54.52 3
47.000 13756.6 2293.34 118.94 205.% <41 ~15.96 300.8 58.26 Ioa
48.000 13962.% 2293.75 102,93 206.2 JHt -16.05 304.6 54.00 X
49.000 14169.1 2294.16  86.84 207.1 41 =16.13 300.4 53.75 ¢
£0.000 14376.7 2294.57  70.68 208.1 ~41 -16.19 312.3 53.50 4
£1.00C 14585.4 2294.98 5447 209.3 41 -16.20 316.1 53,25 A
52.000 14795.3 2295.38  38.21 210.% J40 ~16.27 315.8 53.00 i
£3.000 15006.4 2295.78  21.94 211.7 <40 =16.27 323.3 52.75 b
54.000 15218.7 229€.18  5.68 212.7 <40 =1€.25 326.2 52.51 b
k3
i
3
;
%
I
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AN/FPS-46 155 MM REAL DATA ANALYSIS 2

. SECTION 3 - ITEEATICNE j
MGNTE CARLC RUN NUMEER 1 3

X Y 7 X vy Y2 KD KS WE WN )

DX DY D2 DVX  DVY  DVZ LKL DKS EWE DWN 4

. W8 AE EB LE A B c d
DRE DAE DEB DDB DA DB Dc CTCTAL 1
~=we ITEFATICN 1 -
5133.4 =-4363.1 3570.7 205.8 =177.0 8.4  .500000E-03 0.00 0.0 0.0 3
~U.€ 3.8 “2.7 1.5  =.9 1.0 .721475E-04 .22 0.0 0.0 3

0.0 0.0 0.0 0.0 0.0 0. 0. 3
0.0 0.0 0.0 0.0 0.0 O. 0. 9274.5932 ul

5 S

~=-= ITEFATICN 2 4
§128.8 -4359.4 3568.0 207.3 =177.9 57.5 .572148E~03 .22 0.0 0.0 8
.0 .0 -0 0 =.0 .0  .541823E-06 .00 0.0 0.0 3

0.0 9.0 0.0 0.0 0.0 0. 0. -3
0.0 0.0 0.0 0.0 0.0 0. 0. 28,9459 i
-ewe ITERATION 3 ?
5128.8 <-§359.3  3568.0 207.3 =177.9 57.5 w5726€9E-03 .22 0.0 0.0 p
1.2 -1.1 S5 =.2 .2 <0 <-.636340E-05 .00 0.0 0.0 g

0.0 0.0 0.0 0.0 0.0 0. 0. 3
0.0 0.0 0.0 0.0 0.0 O, 0. 19,8402 K

-,
At

~==~ ITEFATION 4

5130.0 ~-8360.4 3568.5 207.1 -177.7 57.4 .566326E-03 .23 0.0 0.0
-0 -0 .0 «0 -0 .0 »934541E-08 ~.00 0.0 0.0

0.0 0.0 0.0 0.0 0.0 O. 0.

0.0 0.0 0.0 0.0 0.0 O. 0. 18,2106
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NET TIME

1 20.000
2 21.00C
3 22.000
23.000
24.000
25.000

[

S

6

7 2€.C00
8 27.000
S 28.000
0 29.000
11 30.000
12 31.00¢
13 32.00¢C
14 33.000
1€ 34.000
1€ 35.000
17 36.000
18 37.000

19 38.000

20 39.000
21 40.000
22 41.000
23 42.000

AR/!“S 16 55 MM REAL CATA ANALYSIS

RANGE
WBIGHT

7624.9
«553E+V0
7888.5
+553E+00
8147.3
«583E+00
8402.1
+553E+00
8650.5
«553E400
8896.5
+553R+00
9136.7
«553E+00
9374. 4
«553E+00
960€.4
«5538+00
9834.4
- 553E+00
10059.9
+553E+00
10282.7
«553E+00
10802.5
«553E+U0
10718.3
«553E+90
10932.9
+«552E+00
11144.7
«552E+00
1138¢.€
+552E+00
115€4.4
<552E+00
11769.2
«552E+00
1197¢6.8
«552E+00
12180.7
«552E+00
12384.9
-552E+00
12587.0
- 552E+00

MEASUREMENIS, WEIGHTIS FOR PUN

1

AZINUTH ELEVTN COPPLER
SBIGHT  WEBIGHT SEIGHT
2,275287 .4873€1 0.00
«T30E+09 .269E4050.
2.275465 477062 0.00
«730E409 .269E+0S50.
2.275746 .U66454 0.00
«730E+09 .269E+090.
2.275955 455534 0.00
.« 130E409 . 269E+0S0.
2.276236 444273 0.00
«130E+09 .269E+0S0.
2.276395 432780 0.00
«'130E+09 . 269E4090.
2.276740 421047 0.00
- 7130E+09 .2695+4090.
2.277603 .408678 0.00
« 120E409 . 269E+090.
2.277315 .396396 0.00
«130E+09 . 269F4050.
2.277840 .383779 0.00
«J30E+09 . 269E+050.
2.277941  .370941 0.00
« 130E+409 . 269E+4090.
2.278233 .357741 0.00
«130E+09 . 269E+050.
24278740 344341 0. 00
«J30E+09 . 269E+0S0.
2.279032 .330710 0.00
«130E+09 . 269E+0SC.
2.279%432 .3168S50 0.00
« 130E+09 . 269E+090.
2.279716 .302762 0.00
«130E409 . 269E+090.
2,280156 .28£8498 0.00
« 130E409 . 26SE+0S0.
2.280639 -274433 0.00
« 130E+09 .269E+050.
2.280889 259250 0.00
«J130E+09 . 269E+4060.
2.281365 .244506 0.00
«130E+09 . 269E+050.
2.281620 .229495 0.00
«130E+09 .269F+090.
2.281999 .214298 0.00
«730E+409 . 269E4090.,
2.282470 .198870 0.00
«730E+09 .269E+4050.
03721778 15.20C.z€

R A MU R e M SR S «;:.«lﬁ%%g%?\ A sﬂ
3

LT XY P L LT T YR LY T PR X T T P e L T Ty ¥ TN A Y S D D P L G0 OB D D TP D s B T U D MR NS D W o maa -

SNR
RACAER

64, 51
i
63.92
5‘
63.36
d
62.83
1
62.32
H
61.83

1
61.37
J

60..93208.61660

1
60.,50
1
60..09

]
59.70
d
59.,32
J
58.95
1
58., 60
i

58..25

1
57.92
i
57.59
1
57..28
d
56,97
d
57467
1
56,38
i
56..09
]
55..81
1

L P Y N L T P e T L P Y T L YL Y T Y ¥ P PR P ¥ P L L L T Y P L T

SECTICXY U4

3L Srleued

@
§ 1%

e A o s ———- ARa—

vesi v fo S AR Dhre AL 2N kb P

3
.
g - 3

C(RET)
LROP

):15':\,/&/«“% L Trer pl

13.35068 -
0
€.€3071
0
3.34112
0
2.54443
0

«52809
0
8.16152
0

8.42514
0

0
3.81591

0
£3.21860

0
10., 14647

TSt obr v b bty S And o S AT S B ¢ e 1t U Rt

""’ﬂ""

0
16.06579
0
1.28782
0
4.55044
0

3.45106
0
9.33717
0
3.49422
0

i P
v 7k it b ,k,.‘~_-»4.h:.~l 20 8L 00 E

Lx pdre o

Wt

11.63634
0

1€.59434
0

9..51268
0

4.35412
0

2.93849
0

10.45647
0

LN AR e 4% e e O et e

z.

§
3
i
3
3
-}
£
3
f
%
3
4
»
3
K

i
4
;F

e oY I
Ve e S o e et Stk 44 7 ST e AL



L e AR, I, % —

%
Bt e s bt e - e e n e v———

AR

o rSEalls T
IRV L N AN Q,Q

2o 130
R

o
ST 4 ey

AR/EPS+16 155 NN REAL LATA ANALYSIS

R S L D LG R VR W PO TE b WS TR W O PV TR R S 5 Dl ) T TR G A D W O Wa U 28 U D G0 0N OBV OB ED UL OB G U0 6h U0 €0 UR W 14 b €0 4N TR GD 6B U 00 T VR 0R 05 5 B @a B TS 48 W

PR
BRI P
i b s e

BEASUBENERTS, REIGHTIS FOR RUN 1

NPT TINE RANGE AZINUTH ELEVIN [OPPLRR SNR C(NPT)
WBIGHY NBIGHT WEIGHT NEIGHT RACAR CROP

PP TPRRIU

. 24 43.000 12791.5 2.282840 .183375 0.00 55.53 £.19856 i
<5512400 ,730E+09 . 269F+050.. 1 0 by
25 84.0C0  12994.2 2.283147 167666 0.00 57.25 7.75958 4
«554K400 7298409 . 26954090, | 0 LS
| 26 45.000 13197.8 2.283655 .151949 0.00 54.98 11.20666 %
| <SSIR400 T729E+09 . 269E+050.. 1 0 b3
: 27 46,000 13800.8 2.283954 .136181 0.00 58,72 1.83245 ¥
<554R+00 7298409 .269X+0S0. 1 0 ’ %
28 47.000 13503.8 2.284390 .120031 0.00 S54.46 8.85331 | 9
<551E+400 7292409 . 269E+090.. ! 0 S
29 48.000 13809.0 2.284665 .104067 0.00 54,20 5.56927
«5515400 JT729E409 .. 26554050, i 0 1f£
30 49.000 14012.9 2.285018 .0€7743 0.00 53.94 7.39039 Lo
<S50E4U0 .T298409 . 269E4090.. 1 0 i
31 50.000 14217.4 ;.285051 .071618 0.00 53.69 2.25583 s
<SSQE+U0 .729E+09 . 269E+0S0. k] 0
32 51.000 14823.4 2.285647 .055422 0.00 S3.44 27.77243 ;
.S508+00 .729E+09 . 269E+050. ) 0 :
33 52,000 14630.1 2.286186 .039536 0.00 53.,19113.65079
<SSOK+00 .729E409 .26SE+090. 1 0
34 53.000 14838.0 2.286366 .023701 0.00 52.95306.68199
<550E+400 .729E+09 . 269E+090., k] 4

L e ———— s S
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AN/FPS-45 455 MM REAL CATA ANALYSIS 3
VS 90 O e T D W Th AR P UD O B0 U T R % T P Ty W A O 6 T Sk T Tk G oD R T G OGP VS W U WD b U U0 BN O SR G e GRS G5 VS UE T TD W #O T T W ©° WD WD TR WR G TR WA S0 W a0 SR TR o lf
i
SECTICK & = STATE CCVARIANCE MATRIX ANL CORREIATICN CCEFFICIANTS MC RUN 1 it
1 ..14663B+0Q 3’
2 =.107355400 .111555+00 K
3 .45225R-04 -.38459%-01 .70089E-01 4
4 -, 1U614E=01 .9E3708-02 -.882352-03 .26535E-02 ¢
5 .97483E-02 -.11349E-01 .74140E-03 -.16533K-02 .2C992E-02 ¥
6 = 14470E-02 .123388-02 =.375708-02 =.11331X-03 .95379E-04 .28303E-03 58
7 -.216608-06 .18387E~06 .51031¥~07 .56792E~07 =.48027E-07 -.73683E-08 ! 3
.168332-11 g
8 ~.113378-03 =.127388-03 -.51261%~07 .29642E-04 . 34U37E~-04 -.48662E-07 i
.57556B=-11 . 322052-05 i E:
STATE NUNLER STATE &
1 X PCSITICN £
2 Y FCSITICN £
3 7 FOSITICN -
y X VELCCITY B
5 Y VELOCITY £l
¢ Z VRLCCITY , B
7 LRAG (KT) i
8 LIFT(KS) ; 3
3
CORRELATICN COXFFICIANTS i i
i B
1 1.0000000 i #
2 ~.8394152  1.0000000 i 3
3 <4U61017  -.4345528  1.0000000 ; 2
& -.7408629  .5717737 ~.0€469SS  1.0000000 ! :
5  .SSE63E3  ~.7416694  .0611226  ~.7005019  1.0000000 !
6 -.2246190  .2495873  ~.843527Z ~-.1307540  .123740€  1.0000000 ! :
7 -.4359887  .4203397 1485706  .8497656 ~.8079483  -.3375793 i 3
1.0000000 i g
8  -.1649738  ~.2125211  =.0001079  .3206526  .4188271 ~-.0016113 : 7
.0024720  1.0000000 i :
v
i
Y
§
3
%
:} d
3
4
SECTICN 5 03/21770  15.26.27 EAGE 7 L
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QLM ~IANE LN

AVE
eId

RUX

SEUTICN &6 = LAURCR CONDITICNS ANL WXIGHTXD RESILUAL STATISTICS
QROCYT € 10T XXYT RITER

Vo
uss

£60.3
55542
562.2
£59.8
563.6
L1\
567.9
5€3.2
60,9
561.0

58241
2.7

QX
NEG

39.57
39.€8
39.85
39.5%
3%.62
35,58
39.37
39.4%3
39.50
39,60

39..57
»08

ASEF T FIREK

DIs

‘29‘6
129.9
130.2
130.2
¥30.2
130.3
130..3
130.3
$30.2
130.3

130.1
.2

SEC

<19
<18
<17
.20
« 9
<19
.25
«20
21
)

‘20
.03

ANZFPS =16 155 NN REAL CATA ANALYSIS

D LT Y R e N R T T R T T T LY Y

QR

2,213
«953
1. 104
1.681
1. 867
2. 161
o121
2.113
‘8“2
1.939

1.9689
1. 004

THE ARCVE STATIS?TICS IS EASED OR

03,2178

QA 4

10.627 5.271
1.779  2.945
<865 2.4N
4,278  4.304
£.243 &.200
3.655 10.0u%
6.0€S% 13,762
1.97%  7.993
4738 2.928
3.802 5.530

4.27¢ 6,007
2.623 3.404

L
0. 000
0. 000
0. 000
0.000
0. 000
G. C00
0..000
Q\\ 000
0. 000
0. 000

0. 000
0.000

10 CcUT or 10 RUNS

¥5.25.%50

EAGY

18,211
5.678
R.u6n

10.263

12,289

15.0%9

4. 553

12.081
2.510

10,972

ta.288
5.687

8
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AN/PPS-16 155 MM REAL DCATA ANALYSIS
SECTION 7 - TRACK RESIDUALS FOR FUN NUMEER 1 . :
' 3
NPT TINE RN DR Al DA £ DR EF4 TCRR  IDRP i
3 'y
1 20.000 7625. 4.9 2.2753 ~.001 .4874  -.009 0.0 0.0 0 - 13
2 21.000 7889. 3.3 2.2755 -~.0Z%  .4771  ~.022 0.0 0.0 0 £
; 322,000 8147. 2.1 2.2757 .033  .U665 =-.097 0.0 0.0 0 a
S 4 23,000 8402. 2.1 2.2760  .000 L4555 .017 0.0 0.0 O ;
A £ 24.000 B8651. .5 2.2762 .022  .4043  .0GY 0.0 0.0 0 i
s 6 25.000 8897. 1.1 2.2764 ~.083 .4528  .06F 6.0 0.0 O i
¥ 7 26.000 9137. <3 2.2767  -.035 L4210 . 167 0.0 0.0 0 i
33 8 27.000 937%. 1.1 2.2776 -S27  .40S7  -.080 0.0 0.0 © 5 i
E 9 28.000 9606, W1 2.2773 ~.072 L3964 - 009 0.0 0.0 0 £ s
e | 10 29.000 9834, =1.2 2,2774  -.267 .3838  .033 0.0 0.0 0 i
3 11 30.000 100€0. =1.5 2,2779 =.096 .3709  .090 0.0 0.0 0 3
: 12 31.000 10283. =t.4 2.2782 =-.142 .3877  .030 0.0 0.0 0 :
" 13 32.000 10502. =-1.3 2.2787 021 .3443  _010 0.0 0.0 0 o
& 14 33.000 «0738. <-2.5 2.2790 =~.039 .3307 -.00S 0.0 0.0 0 1
Bs 1€ 34.000 40933, =-2.4 2.2794 .004  .3169  -.032 0.0 0.0 0 :
o 16 35.000 11145, =2.8 2.2797 =.073 .3028 ~.06€ 0.0 0.0 0 i
2 17 3€.000 11256, =2.1 2.2802 001 .2885 ~.065 0.0 0.0 0 §
b 18 37.000 11564, ~1.7 2.2806 115  .2741  .03€ 0.0 0.0 0 i}
. 19 38.000 11769. =3.7 2.2809 ~.008 .2593 ~.181 0.0 0.0 0 g 3
i 20 39.000 $1977. =1.7 2.2814%  .092 .2445 =-.07% .0 0.0 0 § 4
e 21 40.060 12181, =2.3 2.2816  ~.029 .2295  =.057 0.0 0.0 O $3
E; 22 41.000 12385. =17 2.2820 =~.02S .2143 =.0%4 0.0 0.0 O % 4
2 F 23 42.0C0 12887. =-2.5 2.2825 .062 .1989  ~.123 0.0 0.0 0 ¥ %
b & 24 43.000 12792, ~.6 2.2828  .0S1 1834  =.107 0.0 0.0 0 [
5 B 25 44.0C0 12994, =~.2 2.2831 ~.023 .1677  -.166 0.0 0.0 0 13
e ¢ 26 45.000 13198. 1.0 2.2837 <106 1519 ~.100 0.0 0.0 @ i
e, 27 46.000 13601. 1.5 2.28040 .023  .1362  ..033 0.0 0.0 0 A
o & 28 §7.000 13608. 1.5 2.2844 .0E0 .1200 ~-.1C€ 0.0 0.0 O 3
2 29 48.000 13809. 3.0 2.2847 -.018 .041  .037 0.0 0.0 0 3 {
i 30 49.000 1%043. 2.5 2.2850 ~.OLE  .0877 ~-.09% 0.0 0.0 0 Ld
2 31 50.000 18217. 1.7 2.2855 .01 .0716  .044 0.0 0.0 0 ¢
32 51.000 18423, 1.3 2.2856 ~.1€Z 0854  .170 0.0 0.0 0 §
33 $2.0C0 14630. <2 2.2862 .003  .0395 . 650 0.0 0.0 O iz
348 53.000 14838. 0.0 2.2864 C.000 .0237  0..000 9.0 0.0 & 3
Fd ,3
TRACK RESIDUAL STATISTICS RUN 1 3 %
s
RANGE(N)  AZIKUTH(MR) ELEVATICN(MR) CCEELEX (M/S) §
AVRGE - 040 .000 .001 0.000 5‘
SIGHA 2. 046 ~121 <140 0.000 %
¢
3
3
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AN/FPE=~16 155 MM REAL DATA ANALYSIS

LR LT T L Y P LY L N L L L Y DY T Y T Y

SECTICN

KD
.5000008-03 0.00

«£00000E-03 0.00
«573C26r~-04

«36€6326E-03
-5000002-03 0.09
.66325€6r-04
.5625912~03
.5000002-03 0.00
«6259138-04
-565083E-0
«650E272-04
.557303E-02

NC
1
2
3
4

,wi«ur»fa*u.l. ..‘,va.wﬁxw\w.\u«.h X

0.
0.
00

S [d
QOoQ
0O O
[=-A=X-]
- AN~
o 0 9
[-R-N-]
OO0
(=R =N

[~ XN
¢ o 0
(= R=0~]
QOO
* v @
(=R =R
[=X-2-4
¢« o 0
[~R~X-4

[~ R~2 4

0.
0.
0.

.24
24

.5000008-03 0.00
«§728772-04

.5672885-03

5

G
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OVO
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(=R -X -]
[~ 2~ N -]
(=R -]
[ K]
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o0 o

00O

= A=2-]
OO0

[=R-N~
(=X =N}

oo

0.
0.
0.

.24
24

-
3
-

.5000002~-03 0.00

.565820E-0
.658158K-04

6
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0.
0.
0‘
e.

.23
.23
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.23

.500000E-03 0.00
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+.5000008-03 0.00
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<S56U4U491E-0
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0.
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OO0
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SECTION 9 INTERCEPT RCUTINE

INTERCEPFT 1 OPTION -2 (SPECIFIED ALIITUDE )VALUR= 3.83000
STATISTICS BASED O 10 CUT OF 10 RUNS

- ac X (%) Y (H) z(n) R(M) GOOD FlT= @ ?5
1 19.4 -~13.2 -0 23.5 0 E:
; 2 26.8 -~19.0 -0 34,5 0 g
1 3 28.5 "1705 -0 33-5 0 ;‘
f ¥ 20.8 -15.0 -.0 28,7 0 y:
5 21o2 "17.7 ".Q 27.6 0 :
6 17.6 -10.3 -0 20.4 0
. - 7 1.3 6.6 «0 6.7 0
; 8 16.7 -8.2 -0 18.6 0 3
: S 15,6 -1¢.9 -.0 19.0 0 g
i 10 20.0 -11.2 -0 22.9 0 ‘g
4
: AVE 19.0 -11.6 -0 B
' SIG 9.9 1.5 0.0
AVEEMGE R=x 23.2 8, SIGHA R= 7.6 4, CEP 2.2 N
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7.1.5 Results Swnmary
t‘ [y . UL 1] s . .
% Denvonstration example 1 <depicts LOCATER working in a real enviromment. the
5

significant features and results of cach output SECIION are noted below.
SECTION 1 This is a listing of the LOCATER input cards.

SECTEWN 2 This is a simulaved trajectovy computed by LOCAER according to the nominal
Launch parameters and system gemnctry prosented in Figure 7-1.

1 SECTION 3 The state vector convergeace criterion, .5 meter in cach position, allowed
3 convergence in 2 iterations for the first round (Monte Carlo run mumber 1),
? h Adata adit test was invoked after iteration 42 resulting in 1 measurcment

being declared bad.  Tre initial perturbation (the line starting with -4.0
3.8 ete.d demonstrates that the initial state vector as computed only from
the measurements was very close to the real weapon launch point,

SECFION 4 This section presents the track file:  measurement time, measurements and
weights, signal noise ratio and weighted track residual for cach trach
time.  Measurcment #34 with TIME=S3 seconds qualified as a bad point from
the data editing test as the weighted vesidual Q=306.7. The SNR is
computed as the measured quantity is unavailable,

e ten %

PR

R T T el

e

o2

B SECIION 5 The ability to estimate difterent states of the system depends upon their
functional relaticnship and the vadar measuring capabilitics. The array of
correlation coefticients indicate the degree to which variables are
relatal, hence their separability, with high correlation = +1  and no
correlation = 0, {he drag state and 1ift state are relatively Tudependent
as CC(8,7) = 002 with drag being the 7th  state and 1ift being  the 8th
state,

RN

e B % ik A

SECTION 6 This section presents launch parameter stavistics. The standard deviations
of the initial velocities (2.7 m/s), quadrant elevations (.08 dogree) and
azimuth cf fire (L2 degree) indicate the high quality of the gun crew, The
increasing of the azinuth of ftire is wost likely due to barrel
repositicning feom recoil,

g DAL o AR PR TIAL

SECTION 7 The standand deviations of the measurement residuals: range (2 m), azimuth
(.12 mr) and olevation (.14 mr)  indicate the axceptiontl quality of this
data, ‘The last measurement, I'IME = 53 scconds, was probably dropped as the 1
projectile spiashed or skipped on the water. The range residuals plot i
indicute a  systematic crror as the vesiduals do not exhibit just random 1.
noise. 1

T P S KPP 0 Pty ol AT T+

SECIION 8 The std. dev. of the drag estimate based on 10 tuns is .462194E-5 which

indicates that drag can be estimated to .82%. This errvor when extrapolated

‘ back to the launcih point is responsible for most of the lecation erver in
; the trajcctory plane.

is a bias of 19.0 meters East and  -11,9 metors North for the mean lawnch
location of the hawitzer. 1The equivalent ellipsoid, which is computed by

|2 diagonalizing the miss distance covariance matrix, has & semi-major axis of
9.9 m and a semi-minor axis of t,.2 m, The P is 23.2 m,

% SECTION 9 After ecach trajectory is buck extrapolated 20 seconds to the ground, there
t

N A o s Al By Sol

Possible errors which really can not be removed result from (1) radar - weapon surveymng

e T
P

inaccurncies,  (2)  the dypamic wodel, (3)  the radar noise errvor modet, and (4)  the

o amasena ad -

meteorological conditions were recorded at  every 300 m in altjtude which mey have been too H

. L

coarse. !

.
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7.¢ Complete Simulation

7.2.1 Problem - Ilustrotion

The previous example used LOCATER'S dynamics to estimate a [itted trajectery through

real data, The purpese of this run is to explove the

measureiments by siamlated weasurements,  These are

effects of substituting the real

produced by extrapeluting the state vector

(generated from the data in Figure 7-1) to the measurement times, and adding radar noise. All

other parvamoters:  the radar model and meteorological conditions (Table 7-2), are identical to

the example in section 7.1,
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7.2.2 Swmple Qutput

i
|
! SIKULATION AN FPS-1& 155 NN HCWITZER
H
f ~«=<INPUT DATA CARDS====

§
; SINULATION AN/FPS=1€ 155 NN HCWITZER )
l #1SSICY 01 :
i $°UN 10 MONTY CARLO RUNS, PROGRAM KUN MODE 1 ( CCHELETE X
v SINDIATICHN) {
METRO 01 METEORCLOGICAL CONDITICNS FCR ROUNDS $124 T0 5169 fi
‘ THE FOLLOWING TABIE IS A LAYERED METFCROLOGICAL BESSAGR. §
THE CCLUMNS ARE: 1. HEIGHT(METERS) CF TEMP AND DENSITY !
K 2. TENPERATURE (KELVIN), 3. DENSITY (XKG/M**3), 4. HEIGHT 7
(NETEES) CF WINDS, 5. EAST WINL CCMFONENT (H/S), 6. NORTH §
WINC COMPONENT. K
. $USE TYPE J METRO PACKET (LAYFRED), THE FCRMAT IS5 § s
i {F10.0) 3
, ¢.0 300.73 1.16797 0.0 =3,7495 1.1118 1 s
i €0Y.6 297.39 1.10590 609.6 =1.3125 =2.5714 3 3
. 914. 4 293.96  1.08120 14,4 ~0.1536 ~3.0598 4 g
i 1219.¢ 292.43 1.C4967 1219.2 0.1701  =2.9015 5 3
i 1524.0 299.49  1.02037 1524.6 ~0.044y 2.5546 6 3
i 1828.6 288.€63 0.99163 1828.8 =0.3735 =2.4936 7 3
; 2133.¢ 286.99  0.96250 2132.€  -0.8256 =2.9002 8 4
. 24384 265.23  0.93493 2438.4  ~1.0068  =3.4127 ] i
: 2743.2 283.73  0.90670 2742.2 -1.0664 =3.5504 10 P
; 3048.0 282.1€  0.87890 3048.0 -1.2161 =3.5510 1 3
3352.8 280.59  0.85177 335,86 -~1.5483 ~3,2232 12 3
, 3657.¢ 279.19  0.82483 3657.6 -2.0625  =3.1227 13 3
3 | 3962.4 277.43  0.79957 396%.4 =2.2255 ~3.0280 14 ‘
3 : 1267.2 276,06  0.78370 4267.2 =2.2891  =3,4152 15 i
g 6096.0 27¢.06  0.78370 €096.C ~-2.2891 ~3.4152 16 s
B TRACK 01 {
79 SYEAECN SACKET 1, RADAF PACKET 1, 1 INTEPVAL, 7
B TIME CPTION 3 OF 20.0 SECONDS I¢ TIME OFTION 3 CF 53.0 SECONDS. :
ks THE EFI IS 1.0 SECONDS. § 5
[ WEAEON 01 18 ¥M HOWITZER H
e $7TAG TINE CF 0 SECONDS i
B POSITIONS ARE 26U.62 METERS EAST, -266.833 METEFS NCSTH, 5
29 AT AILTITUDE OF 3.83 METERS. :
o INITIAL VBLGCITY IS 564 M/5 Y
g AZIMUTH CF FIKE 1S 2311 NILS ;
. QUADRANT ELBVATION IS 700 MILS ‘
i SHELL CTIAMETEFR . 155 METERS, MASS 43.18182 KG N
7 DRAG FACTOR IS 1.C, DRAG CURVE NUMBEER IS 1 3
B USE METRO CCNDITICNS SPECIFIEL IN PACKET 1. i
s RCS OFTION O (CONSTANT) VALUE OF -10 LEBSH i
.43 SPIN CCNSTANT IS .25 ¥/SS g
e DPAG UNCERTAINTY O, SPIN UNCERTAYETIY O $ :
g RADAR 01 AN/FES-16 B
54 THE AN/FES-16 IS AN IMSTRUMENTATICN TYPE RADAR ICCATEL 2
-%; AT WALLCFS ISLANC, Va. 3
4 - s e e 2 e e S e e 4 e e M . o —-———.— 1
B ¢ SECTICN 1 03721778 15.31.17 FAGE 1 :
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SINULATICN AN/FPS+16 1E5E NM EOWI'CZER

$LCCATICN XS O MEISRS EAST, O METERS NORTH AT ALTITUDE

14.06 METBRS. LONGITUDE 4.965721776 LATITUDE .6604552782

MEASUREMENT SFACE IS RANGE 1, AZIMUTH 1, ELEVATION 1,

BYUT NO DOPPLER 0 OR SIGNAL NCISE RATIO 0.

RADAR DIASES 0 METERS RANGE, O RALIANS AZIMUTH, O RADIANS
ELEVATION, C METERS DOFPLER

THERNAL ERRCR SIGMAS ARE 50 HETERS RANGE, .00078 RADIANS AZINUTE,
«00078 RADYANS BELEVATION AND 0.0 N/S DOPPLER

JITTEF ERRCR SIGMAS ARBE 1.344 MXTERS RANGS, 000037 RADIANS AZ)JuUTH,
000061 RADIANS ELEVATION ANC 0.0 8/5 DOPFIEF

REFERENCE RSANGE( KANGE AT WHICH A 2ZERO DBSN TARGET RETURNS A SNR OF
2ERO DB) IS S560(0 METERS.

SIGNAL NOISE RATIC THRESHOLD IS 13 LB

FREQUENCY XS 5600000000 H2, ELEVATICN BRAMWXDITH IS .0108 RADIANS.

NC RENMCVARLE EIASE!S O M RANGE, O RAT AZ,ORAD EL,0 MN/S DOPPLER

NO RENOVABLRE NULTIPATH PARAMEIERS A=0, B=0, C=x0 ¢

OUTRUT 03

$PRINT CONVERGENCE REFORT 1 CNLY FCE THE FIRST FUN 1§

CUTPY" 07

$PRINT TRACK RESIDUALS 1, WRITE THER 70 TAPE 1, FCR
ALL FUNS O ¢

oyTPRUT 09

$EXTRAECLATE THE FITTED STATE VECTORS TO THE GROUND
OPTION =2 AT LAUNCH O METERS. FROLUCE MYSS DISTANCE FLOTS 1%

ESTINATCF 01

END

$USE MAXINUN LIKELY ESTIMATOR 1, USE RADAR O FCK WEJGHY
CCMFUTATION. STATE YBCTOR INITIALIZATION XIS ~1 (USE
YPUE STATE YBCTOP), MANINUM NUMBEF CF ITERATIONS IS 10,
CCNVESGENCE CE™ICN v (POSITIONAL) VALUR IS .& BETEFS.
NC A FFIOSI VALUES O
ESTINATE POSITYIONS 1t EAST 1 NCRTH 1 HEIGHT

VELOCITIES 1 BAST 1 NORTE 1 EEIGHT

DRAG, SFIN 11

NC WIND G O

DIAZES C 0 00

MUIDIEATH O 0 O

W R LS W A YT Y e B e BT £ P Ge D A OB G e U W WS Y G R D G R S T SR VA AP B SR AR b on e P s T GA GG P S0 BB LE e TR G0 04 G ME GB WM/ SB W 6P FD AN R W BB R uR WA R W W S e

SECTION 1 03/21278 15.31.17 EAGE 2
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SIMULAZION AN/FPS~1€ 155 MM HOHITZER

0 e S FO G 6 G B e e B T S W WSS TR 40 A0 T W SR UE A W R R B, W R VR G 0D (N TR R R G GA D DGR S W b A0 4 60 0 BN G 66 Gl W Ut SD O N SR B4 G G0 B T AR GR G4 40 OB G 4B ) TR &8 W W

“\’j"’:‘, A ASUIRL AP S S
R S T O R AN I e -

» SBCTION 3 - JTIERATICNS
BCNTR CARLC RUN NUMEER 1
X Y 2 B ) ¢ vy Y2 KD Ks RE RN
DX DY D2 DVX DVY b A DKL LXS CWE DWN
- B AE EB CE A B c
DB DAE DED DDB DA DB DC CTCT AL

we~= ITESATICN 1
5168.7 =4465.0 3601.3 207.0 ~180.9 86.2 +«EE63€8E~03 .25 0.0 0.0
o4 -, € LS | .0 | .0 «21758528-06 .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 O. 0.
0.6 0.0 0.0 0.0 0.0 O, 0. 3.323
we== JTIBEATICN 2
£168.9 =-Wug%.7 360t.2 207.0 -180.9 56.2 «5565868-03 <25 0.0 0.0
«0 -0 ~.0 -.0 «0 <0 ~.1147178=-06 .00 0.0 0.0
¢.0 0.C 0.0 0.6 0.0 O, 0.
0.0 0.0 ¢.0 0.0 0.0 O. 0. 3.0137
wem~ ITERATION 3
51f8,9 ~UU4ES.7 3601.2 207.0 ~-180.9 86.2 ~5E6E5E6E~03 «25 0.0 0.0
-.0 «0 -.0 .0 .0 ~ 0 «622980K-13 «00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 O. 0.
0.0 6.0 0.0 0.0 0.0 O. 0. 3.0137
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SINMULATION AN/FPS-16 155 MM HCWITZER

« . 2
£ - . o o o Ahehet s 4 s S I3,
O T L A Y e e SIS, S e Pt e

KEASURENENTS, WEIGHTS FOR ROUN 1 N
NPT TIN®  RANGE AZINUTH RLEVIN DCEPLER  SNE (NET)
WEIGET WBIGHT WRIGHT WRIGHT RADAR DROP
1 20,000 77256.0 2.283312 .485184  269.41 64.29 2.44766 -
.5538400 .730E+409 .2692+090. 1 0
2 21.000 7987.7 2.283581 .474813  264.03 63.71 .93739
.553E400 .730R+09 . 2694090, 1 0
3 22.000 8248.8 2.283789 .464128  258.87 63.15 2.36869
.5538400 .730RB+09 .. 269R+090. 1 .
4 23.000 8508.3 2.284089 .453243 253.96 62.61 2.22214
.553R400 .7308+409 .269F+090. 1 0
S 24,000 8759.2 2.284378 .481827 249.28 62.11 4.14151
.5538400 .730%409 « 269%+090. 1 0
6 25.000 9004.9 2.284773 .430428 244.83 61.62 4.90821
.553R400 .7302+09 . 2694090, 1 0
7 26.000 9206.7 2.285057 .418596 200.62 61.16 2.39294
.5532400 .730B+09 .269E+090. 1 0
8 27.000 9885.3 2.285316 406511 236.64 60.72 3.33964 :
.553B+00 .730E+09 . 269F+090. K 0 :
9 28.000 9723.0 2.285680 .394055 232.90 60.30 2.48053 i
.5538400 .730B+09 .269E+090. 1 0 J
10 29.000 9950.1 2.286035 .381557 229.39 59.89 6.84811 :
.5538400 .730E+09 .269E+090. 1 0 i
11 30.000 10177.7 2.286375 .368516 226.11 59.49 4.89319 :
.5538+400 .730B409 «269K4090. 1 0 !
12 31.000 10403.8 2.286904 ,355401 223.07 59.11 8.57106 !
.553B400 .730B+09 ~269X+090. 1 0 ;
13 32.000 10626.8 2.287204 ' 342169  220.26 58.75 2.04520 ;
.5538+00 .730B+09 .269E+090. R 0 i
14 33,000 10845.1 2.287532 .328440 217.68 58.39 3.06679 :
.5538400 .730E+09 .269E+090. K 0 ;
15 36.000 11060.2 2.28795G ,314691 215.34 58.05 1.23512 :
.5528400 .730B+09 . 269E+090. 1 0
16 35.000 11276.1 2.288348 .300713  213.23 §7.72 .37815
.552B+00 .730E+09 .269F+090. 1 o
17 36.000 11487.6 2.288773 .286581 211.36 57.39 1.28161
.552B400 .730E+09 . 269E+090. 9 0
18 37.006 11699.1 2.289163 .272105 209.72 57.08 .44829
.552E+00 .730B+09 » 269E+0S0. 3 0
19 38.000 11908.84 2.289556 ' .257531 208.31 56.77 1.62459
.5528400 .730B+09 .269E+090. 1 0
20 39.000 12116.0 2.289994 .242643  207.13 56.47 2.13426
.552B+400 .'730R+09 . 2692+090. q 0
21 40.000 12318.6 2.290861 ' .227794  206.17 56.18 6.58113
.552E+00 .730B+09 . 269E+090. 1 0
22 41.600 12528.5 2.290850 .212587 205.44 55.89 1.65610
.5528+00 .730R+09 .269E+090. 1 0
23 42.000 12733.4 2.291258 .197281  204.9% 55.61 3.91303
.557E400 .730R+09 . 269E+090. 1 0
SECTION 4 03/21/78  15.31.37 PAGE 4
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. NEASURENENTS, NEIGHTS FOR RUN 1 jﬁ
k- NPT TINE RANGE  AZINUTH  BLEVIN LCOPPLER  SNR ¢ INPT) ,}
B WBIGHT  WKBIGHT  WRIGHT  NEIGHT  RADMR EKOP 4
- ¥
£ f . 24 43.000 12934.6 2.291680 .181953 204,64 55,33 3.88078 A
g , J5SAE400 .730B+09 . 269E+050. 1 0 vk
o 2% 44.000 13442.8 2.292067 166298 204,56 SS.. .92583
8 +S518400 7298409 . 269E+090. 1 0
ki 26 845,000 13347.7 2.292895 .150666  204.69 58,79 1.18368
7 +5518400 7298409 . 269K+090.

FANERE

: 1 0
{ 27 46.000 13550.5 2.292903 .134799 205.01 54.52 1.37581%

g
o +551K+00 .729E+09 . 269E+050. 1 0
e 28 47.000 13756.8 2.293342 118921  20%.53 S54.26 .31338
! S51RM00 .729K409 . 269E+050. 1 0
i 29 48.000 13960.7 2.293692 .103059 206.23 58.00 7.77663

- 5518400 7292409 .269E+40S0. ] Q
30 89.000 14167.5 2.294148 .086832 207.10 353.75 1.0779¢

L
s

p + 5508400 .7298409 . 269F¥+0%0. 1 Y
e 31 50.000 14377.9 2.296611 .070806 208.13 S53.50 6.13%65
34 .550R+00 .729%409 ,269%+090. 1 0
55 N 32 51.00C 14%87.8 2.294986 .O54510  209.28 53.25 &.68292
e ' «5508400 7295409 [ 269E4090. L 0

33 52.000 14794.5 2.295427 .038222 210.51 53.00 1.20972
«580E+00 7298408 .2692+090. 1 0

34 53.000 15003.9 2.295777 .021900 211,710 52,75 2.93251
«5S50E+00 .729B+09 .269E+050. 1 0

- . D =t GO TR Y T U U R R S0 en DSBS OE T S G e DR D BB WM 3B e B WA TS S G G T A O T S O 90 G S B0 SR G0 B SR G W G0 0 0D TR o OB G5 R T B 44 O4 Sm o R Sn 44 UR W 4B VN B @ vu
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SINULATICN AN/FPS=16 155 MM BGWITZER

0D P 0 TE 0 Y R D G YR 6 A S D O T UGS W R AR 40 G0 PR R G D VB I e B S B0 WR 4B W W

o et G i A SR B

€ - STATE CCYARIANCE MATRIX AND CORRBIATICN CCEXYICIANTS aC RUN 1 «

1 141688400 3
2 ~. 104658400 . 110918400 b
3 .42580R-01 ~-.36802%-01 .690382-01 9
4 -.137178~01 .926092-02 ~.68170E-03 .201648=02 - x
5 .916468-02 -.109338~01 .578378~03 -, 149875-02 .196158-02 3
6 -.120542-02 .10449%-02 -.364268~02 -.13543E-03 .11610R-03 .27337E-03 i
7 =.19308%-06 . 16668R-08 .u9342E-07 .49141B=-07 =.N2285E=07 ~.72773R-08 bl

<140 16R=1? 3
8 ~.111678<03 ~.119958-03 . 180938-0€ .203778~0A4 .31711E-04 ~,920818~07 ki
«132858-10 .79362B-05 7
3
STATE NONBER STATE 3
1 X FOSITION s
2 Y ECSITICN { 2
3 2 POSITICN e
4 X VELCCITY P
& Y VILOCITY k4
€ ¢ VBIOCITY {2
7 GRAG(KY) .
] 1IFT (KS) { g§
-4 wt
COFRSIATICN CCEFFICYANS Vg
1 1.0000000 i 4
2 ~,E347892  1.0002000 HE
3 .430535%  -.4205665  1.0000000 P
b ~.7813319 .5656870  ~.052779%  1.0000000 {1
5 LSH97885 - 7415837  .0Q497013  ~.6823993  1.0000000 P
6 -.1936884 .1897636  ~.8384732 -.1666327 . 1585495  1.0000000 .
7 -.4332852 .4227436 . 1586211 . 8U43964  -.8056962 ~.3717716 .
1.0000000 Loy
8  ~.1731809  -.2101509  .0004019  .3368950 .4178556  ~.0022501 I
.0065487  1.0000000 P
i3
i 3
P
%
Lo
3
% 3
SECTION § 03/21/78  15.31.28 IAGE 6 i
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RUN VO (4]
u/8 DRG BEG

564.0 39.38 130.0
5€3.2 39:80 t30.0
568.0 39.38 130.0
564.3 39.36 130.C
S68.3 39,37 130.0
563.2 39.40 130.0
565.0 39.3% 130.0
564.9 39.34 130.0
$62.9 39.41 130.0
563.1 39.81 130.0

DO IR E W~

-

B
74
‘R
I
v
z
2,
At
k8
3,
£
Y
"

AVE 563.9 39.38 130.0
s16 <1 W02 .0

DR 1 N

e eer et
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gy
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SERCTION €

R SN

Sithacha
e 7, 4 0 O i,

P
g
‘6

S Vel
oA e

Sl

T

23 ok .
o SN L e T 2 N e i *_, s il .’x

MDA AT
B R TR
e

e bl S S e s 2

I I ST S PR I P U I O SIS - =

ST e |

IAR- WM AT

2 x»fV’,,».’Cf":p‘?,% :,5? @W ’v'v-v,‘\&'W Z,,,M

. PR RIS s 55 LR S AR

ey

S3C

- 00
- 01
'.00

.00

«00
.00

- 0%

- 01
«.0
- 01

=00
.0

03,

»45*
o

LR P T T TR Y L LY P Y T Y YL Y L T Y 2

AZr T FIRE QR

1. 143
<905
+ 847
1.322
1.29C
«87M
1.253
.11
1.015
. 659

1.01%
<214

THE ABOVE STAIISTICS IS BASED ON

21/78

SINULATION AN/PPS-16 155 N8 HOMITZER

ca or

«831  1.040
1.392 .70
840 .87
~304 .689
1.0%8  .665
.336 .533
.98  .856
1.183  1.138
t.008 .960
1,013 ,919

"1.040  .845
<182 .1

15.32.83

QrpeT

0.000
0.000
0.000
0.000
0.000
0.000
e.000
0.000
0. 003
0.C00

0.090
0.000

10 CUT Cr 10 RUNS

SECTION 6 = LAUNCH CONDITIONS AND WRIGHTED RESIDUAL STATISTICS

¢ TOT PIT RITER

3.018
3.067
2.564
2.01%
2.970
2.731
3.099
3.166
2.983
2.591

2. %00
«202

2

OCOoODOOODOO0G

Wwhonupw W w
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SINULATICN AN/FPS=16 155 ¥A KCKITZER :

SECTION 7 = TRACK RESIDUALS FCR RUN NUEEER 1 i

" 34

13

NPT TINE RN DR AN DA 3 D¥ REE  CRR  ILBP i 3

R

S 120,000 T728. 2.0°2.2833 -.016 .4352  .014 269,8 0.0 O H
- 2 21,000 7988. ~=1.0 2.2836  .019 .48 ~-.02¢ 264.0 0.0 0O - %
P 3 22.000 8289. =-1,3 2.2838 =-.030 .4641 -.056 258.9 0.0 0 |2
¢ 23,000 8508, 1.9 2.284%1 ~-.006 .3532  .03& 258.0 0.0  O© 13

5 24.030 8759. 1.2 2.283%  -.010 4418  -.1i1 249.3 0.0 O 15

' 6 25.000 9005. =.1 2.2848  .07€ .4306  .050 :B4.8 0.0 O 3

e | 7 26.000 9287, -.9 2.2851  .037 .q186  .057 2W0.6 0.0 0 5
A 8 27.000 9485, -.9 2.2053 -.03¢ .4065  .080 236.6 0.0 O ;i
- 9 28.000 9723, 2.0 2.2857 =.023 ,3981 -.004 2329 0.0 O i 5
b 10 29.000 9950. =-2.0 .2860 ~.024 .3816 .18 229.4  0.¢ O £
¥x / 11 30.060 10178. ~2.1 2.2868 -.050 .3685 ~-.04% 223.% 0.0 0 i3
X 12 31.000 %0808, =-.5 2.2869  .i0k .3550 =-.Q4€ 223.1 0.0 O 1
[ 13 32.000 10627. .8 2.2872  .022 .3822  .U70 226.3 0.0 0 .
£ & 14 33,000 $0845.  +i2 2,267 ~.032 .3284 -.08% 217.7 0.0 O Py
= 15 36,000 11060, =1.1 2.2880 ~.091 .3147 ~.041 215.3 0.0 0 P ¥
e ¥ 16 35.000 11276. .5 2.2683 ~.01€ .3007 ~.012 213.2 6.0 0 L3
= 17 36.000 11488. =-.2 2.2688  .005 .2866  .068 211 & 0.0 0 £
s 18 37.000 11699. .8 2.2892 -.012 .2721  .002 209.7 0.0 U | =
- 19 38.00C 11908. 1.2 2.2896 ~.029 .2575  .030 208.3 0.0 O | 4
23 20 39.000 12116, 1.1 2.2900 ~-.005 L2826 ~.07% 2021 0.0 O P
. 21 80.000 12319, -2.9 2.29C5 .08 .2278  L03E 206.2 Q.0 O {1
e § 22 #1.000 12528, 1.2 2.2908  .020 .2126 ~.¢47 205.4 0.0 O X
= 23 82,000 12733, .9 2.2913 010 .1977 ~-.142 208.9 0.0 9 g
! 26 83.000 12935. =2.5 2.2917  .014 .1820  .027 i04.6 0.0 O P2

: 25 48,000 13143, 1.1 2,2921  ~,018 .1663 =,062 204,58 0.9 0O I

k- 26 85.000 13338. 1.4 2.2925 ~-.008 .1507 ~-.,001 £04.7 0. O Py
23 27 86,000 13551, ~.6 2.2929 ~-.018 .13 -.060 205.0 0.0 9 e ;
¥ 28 47.000 13757. .5 2.2933  .00% .1189 =-.Cz4 205.5 0.0 O Py
- 29 48.000 13961. -1.4 2.2937 -.060 .1031  .123 206.2 0.0 U bk
g 30 49.000 14167, ~1.2 2.294% ~-.01€ .0868 ~.21% 207.1 0.0 O Pog
E 31 50.0C0 14378. 1,6 2.2946  .037 .0708  .118 208.1 0.0 © g
13 32 51,000 14588. 2.8 2.2950  .004 .C545  .03€ 205.3 9.0 0O s %
b 33 52.000 14795. -.3 2,295%  .040 .0382  .001 210.5 0.0 O o3
K 3% 53.000 15008. -2.6 2.295¢ -.013 .0219 =-.088 218.7 9.0  © Ll
= TRACK RESIDUAL STATISIICS RUN 1 i
pes. oy
g=: RANGE ()  AZINUTH(MR)  ELEVRTICN(NR) DCEFLER (M/S) ¢ 4
B LA ¢
b AYRGE -.003 .000 .00 0.000 Py
2 SIGEA 1. 439 . 038 . 062 0.000 i3
B A
o ! ‘,\K‘T
i' R
P g
: :
3 2
"2’ “ - eseemmen v ot wvw LYY TR Y ey WD D R S D D A S D P S G R R OB L, A R P WD B DS S S D W YD W S R Y R L T L Tt DY T L 1) 4 ;;1
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1 QPTION ~2 {SPECIFI®D ALTITUDE
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7.2.3 Results Summary

17
4 The track residucls, SECTION 7,  shows the stundard deviations in range to be 1.4 a,
3 azimuth 034 mr, and elevation .062 mr for the first monte carlo run. This is to be expected
by referring te the rodar model in SECFION 1 cutput. The track residual standard devistions
E . from example 1 show larger errors: 4 to 1 in azimuth and 2 to 1 in elevation.  ‘This could be
? the vesult of (1) not adding enough radar noise in example 2 or (Z) the inadequucy of the

dynamic model.  Also, note that the track residuals have only charactoristic random noise with

no systematic errovs present, :

-

The drag estinmate based on 10 runs  is .23% as conpared to . 82% for example 1. This

s XA

indicates that tho laur:h point position estimations in example 2 should have approximately a

.3
™

30% decrease in the semi-major axis ellipsoid length.  One would thevefore expect 308 of 9.9 m

= 3 meters. the rtesults in SECITON 9 shows a semi-major axis of 3.9m - a much tighter

grouping.

The mean launch location errors are velatively unbiased, .4 m Bast and -.9 m North based

on 10 runs. The CEP for this example is 3.9 meters,

7.3 Simlation With External Trajectory

7.3.1 Problem Illustration

In the design of LOCATER it was imperative that comparisons could be made of the
internal dynamics and other dynamic models, e¢.g., 3 degrees of freedom modified point mass
simulation or a 6 -legree of freedom rigid body simulation. ‘This ran node of LOCATER as
presented in section 6.4 would help differentiate between radar model errors and dynamic model

errors assuming that the higher level dynamics are in fact a closer vepresentation of real

Jata,

The alternate simulation used in this example is the Madified Point Miss Trajectory
Simulation (M}’lvﬂ‘S)9 developed by the USA Ballistics Research laboratory. This program is

chiefly used for generation of the ARMY Firing tables which contain final trajectory range data

for a matrix of charges and firing quadrant elevations for domestic weapons.
The MPMIS is executed using the weapon launch parameters from ¥ig, 7-1 and meteorclogical 3

3

conditions from Table 7-1. ‘The output from MPMIS, time, positions, and velocities is then 7
placed in the LOCAYER input card deck (see SECFION 1) according to rules specified 1n section 8
6.4, it
Ten Monte Carlo runs on this trajectory will be simulated; the difference betwoen each is i &

the random rvadar noise. %
bl
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Z 7.3.2 Saple Qutput

o Aeaears o LA ST Y L
S —

M /FRS5-16 155 MM DATA ARALYSIS--EXTERNAL THAORCTCFY XNRUT

Dy b N Y G N D W T A G 0L OR A TN A0 A0 L UR G 0B R O TR OB M UE S T G VR VD O U A B O kI UG GA G GA NS R B TR T B 00 OF OB S S A U TR D G W B O T W R OB BRI G Oh 00 Y W A

~ewoXNPUT DATA CAKDSw==e~

! -

i AN/FES=16 155 NM DATR ANALYSIS=~~EXTEENAL TRAJECTCRY IKPUT |
: i NISSION 0% i
s 1 THE FUEPOSE OF THIS RUN 15 70 CONPARE THE EFFECIS CF USING
o DIKPEKENT DYNANICS FOR MEASURKMENT GENERATION AND TEAJECTCRY
. BSTINATION. THE SOURCE OF THE EXTERNAL TRAJECTCKY IS FROY THE .
A BALLISTICS RESEARCH LABORATORY'S NCDIFIED POINT HASS TRAJECTORY
3 SINULATXON. THE INPUT DATA TINE , PGSITIONS X,¥,2, VELOCITIES
. 1007 ,YDOT,ZDOT FOLLOR THE LOCATER INFUT DATA CECK CN CARDS.
£ $ SUN 10 NCNTE CAFLO BUNS, SINULATION ON AN EXTERNALLY INPUT i
8 TRAJZCTORY (NCEF =2) WITH DATA ON CARDS §

.

N

f2 e

NBTRO 01t

=

MBTEOROLOGICAL CONDITICRS FCR ROUNDS 5124 XC 5169
THX FCLLOWING TABLE IS A LAYERED MEYECROLOGICAL MESSAGE.

1
2
g THE COLUMNS ARN: 1. HEIGHT(NETIERS) CF TENP AND CENSITY ;
o 2. TERFERATORE (KELVIN), 3. DENSITY {KG/M**3), 4. HEIGNT 3
b (METERS) OF WINDS, 5. BAST WIND CCMECKENT (M/S), €. NCRIN &
[ 2 | WIKD CCHECRENT. 3
K i . 305! TYPR } NFPRC PACKET (I1AYERBD), THD FORNAT IS # :
g (6¥10.0) i
b ? 0.0 300.73 1.16797 .0 =3.7495 1.1118 (3
e 304.8 299.83  1.13433 304.8 =2,5638  -1,3u24 8
b7 609.6 297.39  1.10890 €05.6 =1.31258 «2.8714 .
“ 9144 293.96  1.08120 914.4  -0.1536  -3.0C598 3
2 1219.2 292,43 1,04967 1218.2 0.1701 =2,9015 :
s 1824.0 290.49  1.02037 1524.0  ~0.0444  -2,5546 K
2N 1824.8 288.63 0.99163 1628.8 =0.3735 ~2.4936 '3
i 2133.6 286.99  0.96250 2133.6  =0.8236  ~-2.9002 4
ﬁ§ 2838.4

: . 285.23  0.93493 2438.4 ~1.0068 ~3.4127
R 2783.2 283.73 0.90670 2MM3.2 -1.0664 ~3. 5904
& 3048.0 282.16  0.87890 3048.C¢ ~1.2161 ~3.£510
P 3352.8 280.59 0.85177 3352.8 ~1.5483  ~3.2232
-2 3657.6 279.19  0.82483 3657.€ =-2.0628  ~3.1227
o 3962.4 277.43 0.79987 3962.4

PP R Y )
ANMEWN 2O WVODNOAUNE WIS~

-2.2255  -3.0280
¢ 4267.2  276.06 0.78370  4267.2 -2.2891 -3.4152
B €096..  276.06 0.78370  G096.0 =-2.2891  =3.4152
£ TRACK 01

INITYAL VEBICCITY IS 564 M/3

AZINUTH OF FIRE 1S 2311 NILS

CUADRANT BIBVATICN IS 700 MILS

SHRLL DIAMETER .155 NETERS, MASS 43.18182 KG
DRAG FACTOR I8 J.0, DRAG CURVE NUMEIR IS 1
USE NBTRO CONDXTIONS SPECIFIED IN FACKBET 1.
RCS CETICN O (CCNSTANT) YALUE OF -«10 DBSM

caaean - -

$UST WEAPON 1 TRACKED BY RADAR 1 8
- WEAPCY 01 155 NN HOWITZER
k- $TAG TIME OF O SYCONDS
A POSITIONS ARE 254.62 METERS EAST, =-Z66.833 NETERS NCRIH,
g AT ALTITUDE OF 3.83 METERS.
b
.ﬁ.
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AN/FFS=16 155 NH DATA ARALYSIS-~-EXTERNAL TRAJECTCRY INPUT
SEIN CCNSTANT IS .25 /58S
CRAG UNCERTAINTY .05, SPIN UNCERTAINTY ¢ $
RADAR 01 AN/FES=16
THE AN/FPS=16 1S AN INSTRUMENTATICN TYFE RADAR ICCATED
AT WALIGFS ISLANL. VA.
$LOCATION IS 0 MEISRS EAST, O METEFS NORTH AT AITITULE
14,06 NEYERS. LCNGITUDE 4.96%872177€ LATITUDE .€€QUEE2782
HEASUREMENT SPACE IS RANGE 1, AZINUTH 1, BLEVATICN 1,
BUT NC DCPELER 0 OR SIGNAL NCISE RATIO 0.
RADA® PIASES 0 METBRS RANGE, O RADIARS AZINUTH, O FALXANS
ELEVATION, O METERS DOPPLER
THERMAL ERROR SIGMAS ARE 50 METEES RANGE, 00078 RALIANS AZIMUTH,
.00078 RACIANS ELEVATICN AND 0.0 ¥/S DOPPLER
JITYER BRROR SIGHMAS ARB 1.344 NMETERS SANGE, .000037 FADIANS AZINUTH,
.000061 RACIANS ELEVATION ARD 0.0 M¥/S DOPPILER
REFBRENCE RANGB({ RANGE AT WHICH A ZERC DESM TAYGET RETUERNS A SNR OF
2ERO LE) IS 556000 HETERS.
SIGNAL NOISE RATIC THRESHOLD IS 13 LE
FREQUENCY IS 5600000000 H2, ELEVATION BEAMWIDTH IS .0108 RADIANS.
NO REMOVABLE BIASES O M RANGE, O FRAD AZ,O0RAD EL,0 N/S DCPPLER
NC REMCVAELY NULTIPATH A=0, B=0, C=0

$
ouTRyT 03

$ERINT CONVERGENCE REFORT 1 ONLY FCF THE FIRST TUN 1 $
cUTPUT 07

$PRINT TRACX RES1IDUALS 1, WRITE THEM TO TAPE 1, FCF
ALL FUNS O  §
ouTPUT 09
$EXTRAFGLATE THE FITTED STATE VECTORS TO THE GROUND
OPTION =2 AT LAUNCH 0 MBTERS. FRCLCUCE MISS DISTANCE FLOTS 1%
ESTINATCE 01
$USE MAXINUM LIKELY ESTIMATOR 1, USE RADAR O FCEF WEIGHT
CCMEUTATICN. STATE VECTOR INITIALIZATION IS -3 (USE
MEASUREMENTS. MAXIMNUM NUMBER CF XTEFATIONS IS 10,
CCNVEFGENCE CFTICN 1 (POSITIONAL) VALUE IS .5 METERS.
NO A PRICRI VAIUES O
ESTIMATE POSITIONS t EAST 1 NCHKTH 1 HEIGHT
VELOCITIES 1 BAST 1 NORTE 1 EEIGHT
DRAG, SEIN 1 1
NO WIND C O
EIASES 0 0 0 O
MULTIPATH 0 0 O
$
ORTGIN 01
$L,OCATION CF BXTERNAL TRAJECTCRY ORIGIN IS 254.€2 N EAST,
-266.£33 8 NORTH AT ALTITUDE CF 3.83 NETERS §
END
{F10.5,3F10.2, 3F10.3)
WCDIFTED FCINT NMASS SIMULATION
20.00000 48088.95 ~u4187.41 3598.72 205.476 =180.625 56.065
21.00000 5093.63 -4367.57 J€49.75 203.893 ~179.€93 46.019
22.00000 529€6.74 ~4546.80 3690.78 202.340 ~178.789 36. 044

SECTION 1 03722778  17.04.82 FAGE 2

16}

OYLA:

- RICRER >y 271
e e T PRy it ‘CL,.AM;_ME =

3

L I e BT D > il A, Yoy PRSI

AT o, S e P o, W ST A s S Vi S S B S RS Ol

- A AT R S

¥ e :' PR e ] )
70T " o o B ey e v 0 R v, £ W o8 vk g o2
» ‘- L i, e L 5, -

7

arten NI Y AL 4 Mo b EATANIE, « Lo R Yol Ds e 7 s fed gkt AT ik e
N . A

ey



A

Y
2"!'-
N3y

23.0000¢  5093.31
24.90000  5698.37
25.00000  £896.%4
26.00000  6094.04
K- 27.00000 6289.69
a 28.00000 5483.90
2 29.00000 5676.69
2 30.00000 5868.07
s 31.00000  7058.04
. 32.00000 724C.63
3 33.€0000  7433.83
34.00000 7319.64
35.00000  78u4.08
36.00000  7987.14

37.00600 8166.81
38.00000 3349.10
39.00000  8528.00

£0.00060  8705.51
41.00000 8881.60
42.00000  9056.27

i £3.00000 9229.51
: 44,00000  9401.28
> 45.00000  9571.%
3 46.00000  9740.40
48 47.00000  9907.69
g £8.00000 10073.43
. 49.00000 10237.60
ks 50.00000 10400.17
= £1.00000 10561.07
£2.00000 10720.26

£€3.00000 10877.66€

54.00000 11033.11

SECTICN 1

7

~4725.15
-4902.62
-5079.25
-5255.04
-5430.00
~5€04.16
=5777.51
-5950.06
-6121.81
-6292.75
-6462.90
~6632.23
~6800.74
~6968.42
=-7135.25
~7301.22
-7466 .30
~7630.49
=7793.75
=-7956.05
~8117.38
~8277.69
-8436.96
-8595.15
~8752.21
-8908.11
«9062.82
-9216.28
-9368.45
-9519.24
-9668.61
~9816.28

03/22/78

3721.86
3743.C¢€
3754 .46
3756. 11
3748.08
3730.42
3703.19
3866. 48
3620.26
3564.67
3499.75
3425.584
3342.13
3249.8F
3147.89
3037.20
2917.57
2789.0¢%
2651.73
2505.70
2351.03
2187.82
2016.16
1836. 1€
1647.92
1451. k¢
1247.24
103E.0F
815.16
587.76
353.03
111.30

17.04.¢

62

200.814
199.312
197.832
196.371
194.927
193.498
192.082
190.677
189.280
187.891
186.506
188.125
183.746
182.366
180.984
179.596
178.203
176.799
175.383
173.953
172.507
171.043
169.558
168.051
166.518
164.958
163. 366
161.734
160.047
158,286
156.397
154.285

~177.908
-177.04¢8
=176.205
~178.31
-174.560
-173.752
~172.950
~172.149
=-171.350
~170.547
-169.739
-1€€.923
=168.095
-1€7,256
-186.401
~1€£.530
-164.€38
-1€3.724
~162.785
-1€1.818
-160.822
~159,793
-158.729
-157.€27
~156. 486
-1££.306
-154.085
-152.814
-151.483
~150.075
~148.541
-14€.782

AN/FPS-16 155 MM DATA ANALYSIS~--EXTERNAL TRAJECTCEY INPUT

e LS R OB Gb OB M en BRSSP G W WP P A BT AN GOSN A MR A e N e 00 e B e WS GA @D ML AR N A 0 AR TR 95 ER o G S0 b PR S I ) L R S e S ) P N A G S e e o S G4 PD A RS

26.128
16.297
6.520
~3.196
~12.852
~-22.450
~31.989
~41.471
~-50.896
«60.262
~69.569
~78.816
~-88.001
-97.123
-106.179
-115.167
-124.082
-132.922
~141.683
-150.359
-158.946
=167.440
~175.834
-184.121
=192.294
=-200.346
~-208.267
=216.041
-223.646
~231.054
-238.180
=-244.861
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T DO SRRy
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AN/PES=16 155 H¥ DATA ANAL.S1S--EXTBRNAL TRAJECTCRY IRPUT

T A D o D S P L O I D I S VS G OO U R S0 A S e GRS U 00 SR 60 SR Gy S0 G0 PPN T TS G TR S A 6P WP UE T VR TR T6.F W 0 TR BB G &0 U8 W W 4D OF D W VD R 0B I 4D ED WD 4D W OV IR W ID 0k S TR A8 B

SRCTION 3 -~ TITYRATICNS

st

MONTE CTARLO RUN NUGEER 1

X Y 2 vX VY Y2 KL KS WE  WN

DX DY 1} DVYX DVvY ove DXD DKS DWE DWN
RD AR EB DB A B C .
DRB DAE DEB DLCE IA bB DC QIOTAL i

- ITRRATION 1 :
5144.6 -445%. 4 3588.6 205.3 =180.1 55.2  .500000E-03 0.00 0.0 0.0 . :
-3.6 3.7 ~U.6 6 =10 1.7 .B26S14E-O4 .29 0.0 0.0 :
0.0 0.0 0.0 0.0 0.0 O, 0. : :
0.0 0.0 0.0 0.0 0.0 O. 0. 25€19.0385 : .
‘ i
-w== ITERATION 2 :
5141.0 -4451.7 3584.0 205.9 -181.1 56,9  .5€26%4E-03 .29 0.0 0.0 ;
. -.0 -.0 .0 -0 .0  .366836E-06 .00 0.0 0.0 ;
0.0 0.0 0.0 0.0 0.0 O. 0. ;
0.0 0.0 0.0 0.0 0.0 O. 0. 9.4526 3
~=-= ITEFATION 3 :
5141.0 <-4451.7 3584.0 205.9 -181.1 7.0 .5830188-03 .29 0.0 0.0 ;
-.3 .U -7 -.0 -.0 .0 -.498452E-06 =.00 0.0 0.0 :
0.0 0.0 0.0 0.0 0.0 O. 0. :
0.0 0.0 0.0 0.0 0.0 O. 0. 7.9271

~w== ITEFATION 4 i
5140.€6 ~-4451.3 3583.3 205.9 -181.1 57.0  .582520E-03 .29 0.0 0.0 :
.3 -0 “a0 -0 .0 .0 =.173661E-08 .00 0.0 0.0 ;
0.0 0.0 0.0 0.0 0.0 O, 0. i ;

0.0 0.0 0.0 0.0 0.0 O. 0. 7.7363 i
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AN/FPS=1€ 158 MM DATA ANALYSIS-«EXTERINAL TRAJFCTCFY INPUT

U YNGR v G S W T TP Y TR R M YD B WD G TR T GR W 0 DA SD G T VEL A N WA O GR GP G0 GRG0 95 PO W Ow G GRG0 4u TE 4m K TR e O8 GH S0 8O0 U 4B G 0V TR @5 G0 U 46 PR GE R VR AP Gh W VB VR O % R b
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MEASUREMENTS, WEIGHTS FOR RUN 1 -

NPT TINE RANGE AZINUTH EIEVIR DCEFLER SNE C(NET)
WEBIGHT WEIGHT WEIGHT VEIGHT RADAR DROP

T A e S e AT e e A DRSO, Y sk

120,000  7694.9 2,284500 .485241  268.13 64,36 UE.8S98U ‘
.SEIE+I0 .TIQE+09 .269E+0Y0. i 4
2 21,000  7957.3 2.284838 .474B94  262.72 63.77 21.022u8
5535400 .730E+09 .269E+090. | -0
3 22.000 8217.1 2.285115 .UEW23Z  257.55 63.21 17.52758
\SE3E+00 .730E+09 .269E+090. ! 0 ;
4 23,000 8475.3 2.285487 .453379  252.61 62.€8 20.87236 ,
.5E38+00 ,730E+09 .269X+090. t 0 {
S 24,000 8724.8 2,285849 .441993  247.91 62.1E 10.60135
SEIB+00 ,730E+09 .269E+090. i ¢

€ 25.000 8969.1 2.286319 .410627 2u3. 44 61.€65 E.61942
«SE3B+00 .730B+09 .26'3E+0390. | 0

7 26.000 9209.6 2.286680 .u18£29 239.20 61.23 56594
«SE38400 .730E+09 .2698¢590. | 0

8 27.000 9446.7 2.287016 .406780 235.20 60.79 3.73846

9

0

o . P

s > o IS I ST L ek A e B PN e
T T e T O T B R A e R

«553E+00 .730E+09 .269F+090. i 0
28,000 9682.9 2.287460 .394361 231.u44 60.37 £.92209 :
«5E3IB+00 .730E+09 .2698+0%0. 1 0 |
10 29.000 9908.6 2.287896 .J381503  227.90 59.9€¢ 6.02832 f
.SE3R+00 .730E+09 .269F+090. d 0 :
11 30.000 10134.7 2.288319 368501  224.€1 59.37 14.24256 3.
<EEIE+00 .730B+09 .269E+090. 1 0 3
12 31.000 10359.3 2.288932 .355827  221.54  59.19 11.11207
.SE3E400 .730K+09 .269E+090. { 0 ;
13 32.000 10580.7 2.289316 .342637 218.71 58.82 .50175 :
.5538400 ,730E+09 .2695+090. | 0 §
1 33,000 10797.5 2.289729 .328950  16.12 58.47 12.48201
.5538400 .730E+409 ,259E+090. l 0 : f
15 34.000 11011,C 2.290236 .315241  213.76 5€.13 11.01015 P
.552E+00 .7308+09 .2692+090. 1 0 : i
16 35.000 11225.3 2,290715 .301305  Z11.64 'S7.80 U4.64774 S
+552E400 .730E+09 .259E+090. i 0 ; 3
17 36.000 11435.2 2.291225 .28721%  209.75 57.47 4.25760 ; i
<SE2E400 .730E409 .2692+4090. K| 0 ! :
18 37.000 1t1645.1 2,291699 .27277€  208.09 57.1€ 2.95148 ' i
.SE2E+00 .7305+09 .269%8+090. 1 (] : ¢
19 38.000 11852.8 2.292177 .25824C  206.66 56.8%5 1.54102 2
.5528400 ,7308409 ,269¥+090. i 0 HIN
20 39.000 12058.8 2.292696 .243390  205.47 56.5%5 £.22982 : k
.E528+00 .730E+09 .269%+090. i 0 Cg
21 80.000 12259.7 2.293244 .22857%  204.50 56.26 20.68347 i :
.5E2E400 ,130E+09 .269E+090. t 0 H i
22 41,000 12467.9 2.293742 .213401  203.76 5S5.67 3.99218 { 3
.552E+00 .J30E+09 .269E+090. 1 0 : b
23 42,000 12671.0 2.294197 ,19808€  203.24 55.65 €.14131 : 3
.552E+00 .130E+09 .269E+090. ! 0 i =
I Sttt dnialtalet sttt il SeSetsssmsecccesmenneses- & $
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AN/FPS=1€ 155 MM DATA ANALYSIS~--EXTERNAL TRAJECTCEY INPUT
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MEASUREMENTS, SKEIGHTS FOR RUN 1

NPT TIME  RANGE AZIMUTH ELEVIN CCEPIER SNE  ((NET)
WEIGHT WEIGHT WEIGHT WEIGHT 2ADAR  DROP
24 43.000 12870.6 2,294695 .182825  202.93 5E.42 13.55088 ‘
.551E400 .730E+09 .269E+090. i 0 :
25 445,000 13077.1 2.295155 .167197  202.83 55.14  .95010 ;
.551E400 .729E+09 .269E+0S0. 1 0 )
26 45.000 13280.3 2.295654 .151587 202.95 54.88 .67087 :
3 3 «551E+00 .729E+09 . 269E+090. 1 0 :
3 4 27 46.000 13481.3 2.296131 .135740  203.26 54.61 1.51017 A
. .550E+00 .729E+09 . 269E+00. 1 0 i
S 28 47.000 13685,9 2.296635 .119878  203.76 54.35 .76463 :
e .551E400 .729E+09 . 265E+090. 1 0 ;
S 29 48.000 13888.0 2.297048 .104030  204.46 54.10 10.86971 4
k. .551E+00 .729E+09 .269E+090. 1 0 i
b 30 49.000 14093.0 2.297565 .087813  205.33 53.84 .81113 3
i : «550E+00 .729E+09 . 269E+050. i 0 &
I 31 50.000 14301.6 2.298085 .071792  206.36 53.59 14.74778 :
T .550E+00 .729E+09 « 269E+090. i 0 :
2 32 51.000 14509.7 2.298516 .055498  207.52 53.34 16.28329 3
b s .550E+00 .729E+09 .269E+090. 1 0 ‘
9 33 52,000 14714.8 2.299008 .039207 208.78 53.09 5.19575 3
Z .550E400 .729E+09 .269E+050. i 0 L
b, 34 53.000 14922.5 2.299408 .022871 210.06 52.85 4.80974 3
i3 .550E+00 ./29E40S .269E+090. d 0 £
¥ 35 54.000 15133.7 2.299877 .006684  2z11.21 52.60 12.05928 ;
- .SUIE+00 .J29E+09 . 269E+050. 1 0 2
“", ,;
g 1
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UL Gn WD SR Gm T T WA O S W TR DR G S W A D N T 4 OA WD TR b T ON TS  EAD  Sh GR WE at e u GE e GR F O O3 P I T U WP W e B0 Ve I A R A TN W PR N A W A W) A

SECTION 5 - STATE COVARIANCE MATRIX ANC CORRBLATICN CCEFFICIANTS MC BUN 1
1 J172€38+06
2 =-.12406E+00 . 135€7E4Q0
3 JUCSH4E-C1 -.3%125B-01 .77954E~C1
4 -.16909E-0t .11018k-01 .89126E~CU .;704SE-Q2Z
8 J1C878E-01 -, 13624B8~01 ~.89693E-04 -.16219E-02 .22150E=-02
6 ~.7S693E-03 .65936E-03 -.41179E~05 -.210218~03 .1E808YE-93 .29343E~0J
7 =.232962-06 .20427B-06 .69102E~-07 .S1UUSE-07 ~.U4338E~07 ~.874U43E-08
« 137U8E=-11
8 -.15559E-03 ~.15966E-03 .97857E~C€ .333C2E~04 .356628-04 -.21131R-06
«2GEE7E-10 .31341E-05
STATE RUMBER STATE
1 X FGSITICN
2 Y ECSITICHN
3 Z FOSITICN
) X VELGCITY
g Y VELOCITY
€ Z VELCCITY
7 LRAG(XL)
¢ 1IFT (KS)
CCFREIATICE CCEFFICIRANTS
1 1.00920000
2 -.8076734 1.€000900
3 . 3495000 -. 3402923 1. 6600Q00¢C
4 -.7828748 <£736694 . 0061383 1.000000%
8 -5561123 -.783579¢% -. 0068410 ~.662681¢€ 1.0000900
6 -. 1054556 1032430 =.8537497 -. 2339864 +2224905 1.9000Q00
7 -.u4sy1629 4712482 ~21108:32 3837216 -.803877% -.4317016
1.0000000
8 ~. 2115315 - 2439424 .001979¢ . 3617282 -4293867 ~ 0069098
.0142923 1.0000000
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B En Y . e n - AW T A R T TR W G2 N) 6P et S TLTE G W TR SRR BRGSO e T VS OB G WS G SE P A A W S S R G W T 56 S TN GR e G4 IR S S e 98 W

S2CTI0N & -~ LAUNCE CONDFTICNS AND WEIGHTED REBSIDUAL STATISIICS

jRUN VO QE AZF T FIRE CR CA QB
¥/s LEG LEG SEC

GEDCT ¢ TOT FIT NITER

1 SR kbt xS YAt

1571.7 39.22 130.1 .20 4,100 1.205 2.331 0.0CC 7.736 0 &
: 2 57¢.1 39.28 13C.1 .18 3.850 1.272 2.189 0.000 7.311 0 3

‘ 3 £71.5 39.23 1301 .20 4.708 1.299 2.788 0.000 8.835 0 3 ‘

S 4 529.6 39.74 130.1 .19 4.E34 1.348 2.206 0.000 €.088 0 3 v
B 35713 39.20 430.1 .0 5,226 2.169 2.542 0,000 9.937 0 3 bl
i) 6 S71.5 32,23 430.1 .20 4,988 2.073 2.538 0.000 9.599 0 3 P

: 7 571.5 39,23 130.0 .20 5.348 1.789 3.050 0.000 10.187 0 3 P
2 6 571.8 39.22 130.1 .21 3,502 2.525 2.156 0.000 6.187 0 &4 -

3 9 £71.5 29,23 130.1 .20 4,620 1.383 2.606 0.000 8.609 0 3 .
33 10 571,91 39,25 130.1 .49 4,183 1.441 2.550 0.000 €.175 0 3 L
R i
i3 3

' AVE 571.3 39,24 130.1 .20 4.510 1.€€1 2.496 0.000 8.666 3.2 E
E $16  .§ 302 .0 .01 .S69 . 4i8 .271 0.000 .S13 R .
53 WHE ABOVE STATISTICS IS BASED ON 10 CUT CF 10 RUNS #
' i
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R b
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AN/FPES-16 155 MM DATA ANALYSIS~-~EXTERNAL TRASECICRY INPUT

- - - --eres ees - - EL Y Y T - s

SBCTION 7 = TRACK RESIDUALS FOR RUN NUMEER 1

T4 N peit aabidti 5

)

S

i

!

i

NET TINE RN DK AN IA EM DE RRE DRR  IDRP §

1 20.000 7695. 0.0 2.2845 0.G00 .4852 0.000 268.1 0.0 4
2 21.000 7957. 4.6 2.2848  ..062 L4749  .157 262.7 0.0 O

3 22.000 8247. 3.3 2.2851 -.006 .4€42  .073 257.6 0.0 9 o k
4 23.000 8475. 5.6 2.2855  .002 .453%  .115 25Z2.6 0.0 © ; 3
5 24.000 8725. 4.0 2.2858 -.016 .4420 =-.072 247.9 0.0 O i E:
€ 25.000 8969. 2.0 2.2863  .060 .4306  .055 243.4 0.0 © ¢ %
7 26.000 9210. .5 2.2867  .014 L4188  .033 235.2 0.0 O ! 3
8 27.000 9447. =-.2 2.2870 ~-.068 .4068  .03% 235.2 0.0 0 ] 25
9 28.000 9683. 2.1 2.23875 -.054 .3944 ~-.069 231.4 0. O : b
10 29.000 9909, <=2.4 2.2879 ~.056 .3819 .36 227.9 0.0 O i %
11 30.000 10135. -3.0 2.2883 -.081 .3689 =-.131 224.6 0.0 O i B
12 31.000 10359. -1.8 2.2889  .077 .3558 ~-.138 221.5 G.0 9 . g
13 32.000 10581. -.8 2.2893 =-.001 .3426 -.024 218.7 9.0 0 ; =
1t 33.000 10797. =-1.7 2.2897 =-.057 .3289 -.178 216.1 0.0 O i gg
1€ 34.000 11011, =3.3 2.2902 ~.0zz .3152 =-.330 213.8 0.0 O : 4
16 35.000 11225. =1.9 2.2907 =-.020 .3013 -.095 211.6 0.0 0 i 3
17 36.000 11435. -2.8 2.2912  .007 .2872 =.00? 209.7 .0 O ] &
18 37.000 11645. =1.9 2.2917 =.003 .2728 -.063 208.%1 0.0 O § ,?
19 38.000 11853. =1.5 2.2922 =.012 .2582 ~.024 266.7 0.0 0 x 3
20 39.00C 12058, -1.6 2.2927  .017 .243% ~.116 205.5 G.0 O { 3
21 40.000 12260. =-5.5 2.2932  .074 ,.2286  .00S 204.5 C.0 O i 3
22 41.0C0 12468. =1.3 2.2937  .051 .2134  =-.065 203.,8 0.0 ¥ i B
23 42.000 12671. =-1.4 2.2942 .04k .1981 -~.718 203.2 0.0 O : 3
24 43.000 12871. =-4.6 2.2947  .049 .1828  .034 202.9 0,0 0 i 3
25 44.000 13077.  -.7 2.2952  .017 .1672 -.C43 202.€ 0.0 0 i :
2€ 45.000 13280. .1 2.2957  .025 .1516  .028 202.9 0.0 ¢ ; g
27 4€.000 13481. -1.5 2.2961  .012 .1357 =-.0z1 203.3 0.0 0O : 4
28 47.000 13686. .0 2.2966  .029 .1199  .023 203.8 0.0 0 i 3
29 48.000 13888. =-1.4 2.2970 =-.042 .%040 .17 204.5 G.0 0 H 2
30 49.000 1093. ~-.5 2.2576 =-.008 .0878  .047 205.3 0.0 O > P
31 50.000 14302. 3.0 2.298%  .032 .0718  .185 206.& 0.0 ¢© p E
32 §1.000 14510. 0.9 2.2985 -.012 .0555  .105 207.5 0.0 O i ;
33 52.000 14715. 2.6 2.2990  .007 .0392  .072 208.3 0.0 O i 3
34 53.0C0 14923, 1.8 2.299% -.063 .0229  .020 210.1 0.0 0O : 3
3% 54,000 15134, 3.2 2.2999 -.089 .0067  .122 211.2 0.0 0 § .%
TRACK RESIDUAL STATISTICS RUN 1 : E

»

P hk A Rm
i PRI
DAV eni, mv.a.vmit 2

PANGE (M) AZIMUTH (MR) EIEVATION (MR) [LCEELER (M/S)

AVSGE -. 0S€ . 000 .001 0.000
SIGHA 2.725 042 .093 0.000

Khris

AL

P Y Y Y L R e P Y TR Y L P T L T L L L T L D L Dl Dl Lol L 2l D el L bl e kel od

SECTIION 7 03,22/78 17.05.09 FAGE 9

i
chineyioe o

i i—'&'- p&@‘;-“‘i’ .;‘l“gﬁ\‘d"“"‘"‘ B N B aiald W
S f e s b
s R i

a7 iy
sol¥ts
_ -




AN

SO st
d 4
VI

ah
Y,
s 20" ;‘"

03

ViR BRI
3 LA

XTI
Gkt

2

00 g e dy=ip s

Te

ST
] vl

sl
S

% -6.10

R TN T Lo AL KIS AT ST A MO IAPIT

R
-

&;

i

s

e

ST

"
It

4

)

~
Adad,

Y T T
5.0 T ! 1

i

XSRS

A R R L Rt I R T LR RN T

[ [ 3

5

Ty Py

i

®

- ey aer s
¢
i

?

MY
W
L

- e

o

<
p
3
5

° o - [}
R . ® o ... ® 9 ° [ ]

#.-,-...-...-.....~.--.-.-..--.------....‘--..----.-.--.-....----..--. tevancanad

RANGE (M)
R

i

&

b
%
5.0 . - 3
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3 } :
2. AN/FES-16 155 MB DATA ANALYSIS- ~EXTESNAL TFAJECTCSY INPUT
29 SECYICR 9 INTEECEPT 2OUTINE
EE . . ‘
ke INTEFCEET 1 CPTICK -2 (SPECIFIEL ALTITULE )VALUE= 5.83000 .
97 STATISTICE BASED ON 10 CUT CF 10 FURS :
¥ . kC X () Y i) 2 (1) 2(m  GCCH FIT= 0 :
24 1 10.0 -2.9 -0 10.4 ¢ f
o 2 15.5 -5.5 -.0 16.8 0 3
b3 3 10,7 -1.7 -0 10.9 0 3
s 4 12.3 -1.7 -.0 12.6 0 3
& 5 10.5 -2.7 -.0 10.8 0 X
3 6 9.7 -1.1 -.0 9.7 0 i
B 1 8.8 ~2.8 -.0 9.2 0
@ . 2 12.2 -2.3 -0 12.5 0
: g 9.6 -1.9 ~.0 9.8 ¢

10 1.3 3.0 -.0 12.3 0

S iy

.2 -2.6 -.0
1 -8 0.0
AVERAGE = 11.5 %, SIGMA &= 2.1 M, CEF 10.8 4
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The range rcsidual plots (SECITON 7) for the first run demonstrate the same type model

differonces as was evident in example 1. This is reflected by px:obable drag curve wcertainty

£
7.3.3 Roesults Swmary
i{ The results of simulation on an extornally generated trajectory closely pavallel the
i results of real data analysis. This was oxpected as the 3 degree of freedom simulation, MPMIS,
5 vepresents a closor dynamic model to roality than LOCATER'S dynamics. One would immedintely
z . quostion why isn't tho dynamic model of MPMIS used in LOCATER. The answer lies in the fact
9 j that MPMIS relins on several coefficient curves which are dependent on Mach number and shell
“ 31 . type. This a priorl Information is quite unavailable to LOCATER in its tactical environment as
, E it normally dJoosn't know what projectile is being observed., LOCATER Joes not address the
g problem of directly dotermining the shell dlameter but does estimate tho inverse ballistic
¥ coefficient. This could be used in conjunction with range and velocity information to classify :
‘ the projectile type.

-

orrors as the range measurement direction 1is almost coplanar with the down-range (drag)

PN

divection.

™ RSP 3 R,

The drag estimato based on  the 10 Monte Carlo runs is 143, This results in the tight

D Yy

grouping of launch point locations as shown in the plot in SECIION 9,

DN anea s e,

From the 3 examples, 6.9 m may be attributed to dynamic model ervor between LOCATER and

§ 3
g‘ The average location error components, 11.2 m East and -2,6 m North exhibit the same bias 3 r
g as oevident in example 1. This again is due to dynamic model errors, specifically the drag k
: curve. The CEP of the system is 10,8 m. LE
4 Some conclusions may be veached from the following table about the quantitative errors i 3
i involved of dynamic modeling. 33
» é Dynamic model Noise model Example # CEP(m) 3
3 3
g LOCATER LOCATER 2 3.9 i
Be MIMIS LOCATER 3 10.8
ks REAL REAL 1 23,2
.

MPMIS and 12.4 m to a combination of dynamic model errors, radar noise errors and survey

errors between MPMIS and the real world.

sy 2 S

st fepsy
i3 TR SX I R

“hese results, however, only pertain to this radar-weapon system and quan:itative

R

. conclusions may not be applicable to other systems,
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7.4 Multiple Radar Simulation

7.4,1 Problem I1lustration

Bxampie 4 congiders the problem of a netted typo radar tracking a low quadrant

elevation 105 mn howitzer, Boch radar in the net ls a hemispheric coverage rvadar (R} and has

a baseline of approxhmately 5 kn,  The problem is to calculate the radavs perfornance in

determining the launch point lecation with tho system geometry und paremeters specified in
Figure 7-2.
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}j— HCR NORTH
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. “;‘4;,.@’E‘a‘;;!ﬁ,w@s%n‘ g';%'*i&\\, CEMAT A G &)

i3

7

i 30"

1 |

: |

i | 3

I 3

be— 0.5 k :

g 0.5 km LAUNCHIR f E‘

i}/ HCR SOUTH 0.5 km g

—> EAST f

S —— Ok~ — ——— —— -~ - ~T] € 3 ;

}i

] A

}

'

WEAPON g

TYPE 105-mm HOWITZER i

CHARGE 6

INITIAL VELCCITY 393 m/sac 7

QUADRANT ELEVATION 300 mils ;

AZIMUTH OF FIRE 330° CLOCKWISE FROM NORTH PO

FLIGHT TIME 20 sec g

LAUNCH ALTITUDE 0 m i 1

LOCATION (UTM) 10,000 m EAST, 500 m NORTH ¥

? b

s RADAR

NAME HCR NET I

/:‘ MEASUREMENTS RANGE, AZIMUTH, ELEVATION, DOPPLER ,E &

f PRI 2 sec ik

Rt HCR SOUTH ¢ %

LOCATION (UTM} Om EAST, Om NORTH :

(e ALTITUDE 40M ;o

b HCR NORTH <

b LOCATION (UTM) ~500m EAST, 5000 m NORTH Z

ALTITUDE 40m g

: ,,1

r

ATMOSPHERE : §

WIND SPEED 5 m/sec i

A WIND DRRECTION 45° (from the NE) b

4 DENSITY 1.15 kg/m3 é !

b & TEMPERATURE -6.66°C i 2

.ZE “}j.

'v Fig, 7-2. System parameters of multiple HCR simulation. Locations ] :

of radars and weapon. £
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\ 7.4.2 Sample Outvut %
) ;
% MULTIPLE HEMISFHERIC CCVERAGE RADAF %s
; S R D WA W D AR S G S ) PO AR O LSS S W S S YD R AR S U O S GO G T WS SR RV U R T 0 S AR An TP S D GA D T e W G D Y WD T N G S T T SR L G WP G AR A WR OR e TR AR R W 'Z’
: «=a=INPUT DATA CARDS~w-- Tooab

MULTIPLE HEMISFHERIC CCVERAGE RADAF 1
MISSICN 01 |
USING 2 HENISEHBRIC CCVERAGE RADARS WITH A BASELINE
OF 5 KN, TRACK A 1OR QF 105 MM NCETAF SHOT. :
$RUN 20 MONTE CARLO RUNS. COMPLBTX SIMULATION MODE 1 § i
WEAPON 01 LOW QF 105 MM MORTAR i
$TAG TINE CP 0 SECONDS, POSITIONS ARE 10000 METERS EAST,
500 METFRS NORTH AT ALTITUDE C® 30 NETERS. ‘
INIYIAL VRIOCITY (CHARGE THREF) IS 393 M/S. A
AZINUTH OF PIRR IS 5867 MILS CLOCKWISE FRCM NORTH.
CUADFANT BLEVATICN 300 MILS.
SHELL DIAMETER .105 METERS, MASS 15 KG. !
DRAG FACTOR 1.0, USE DRAG CURVE 1
USE METRO PACKET NUMBER 4 1
RCS CETION G (CCNSTANT VALUE) WHICE IS5 =12 DBSH.
SPIN CONSTANT IS .15 M/SS
DRAG UNCERTAINTY IS .05 (FIVE PRRCENT). SPIN
UNCRRTAINTY IS 0 §$
RADAR 01 HCR SQUTH
THE SENSOR IS A COMPOSITE OF 2 HCK FALARS, WITH
THE SOUTHERNACST FADAR TO BE CONSILCERED THE BASE.
NON~SIMULTANROUS MEASUREMENTS ARF TAKEN.
$LCCATION O METERS EAST, O METFES NORTH, AT ALTITUDE
OF 40 MERTERS. LONGITUDE IS .17453293 BADIANS,
IATITUDE IS .B87266463 RADJANS.
RADAR MEASUREMENT SPACE IS RANGE (1), AZINUTH (1)
ELEVATICN(1) AND TOPPLER(1).
SNR WAS 0T TAKEN O.
: BIAS ERRORS POR MEASURSMENT GENERATICN ARE
' 1.0 METERS BANGER, .0009 RAD AZ, .00058 RAD EIL,
AND .2 M/S DOPPLER
THYRMAL ERROR SIGMAS 50 M RANGE,.092% RAD A%,
.0925 RAD RL, AND 9.7 M/S DCEFLER ,
JITTEF ERRCR SIGNAS 5 M RANGE, ..001 RAD AZ,
.001 RAD BL, AND .5 M/S DOPELEE
REFERENCE RANGE IS 159000 MRTERS.
MEASOREMENT THRESHOLD IS 13 DB. FFECUENCY 3300000000 HZ
ELEVATION PEAEWILTH IS .0873 RADIANS.
WO REMOVABLZ BIASES O M PANGE, O RAL AZ, O RAD ¥IL,
. 0 M/S DCEELER. ,
‘ NO RENOVABLE KULTIPATH PARANETERS A IS 0, B IS 0 1

o ——

! cCISO0 $ i
RADAR 02 HCR NORTH :

$LOCATION ~50G MBTERS BAST, £700 METERS NORTH, AT ALTITUDE ;

OF 40 MEBTERS. LONGITUDX IS COMFUTEL INTERNALLY 0.0 i

LATITUDE IS CCMFUTED INTERNALLY 0.0

RATAR MEBASUREMENT SDACE IS RANGE {1), AZINUTH (V)
BIBVATICN(1) AND COPPLER(1).
SNR WAS NOT TAKEN O.

0D 40 T WGP 06 Y WR WPV D Y ED TP S TP TY AR WD TS S G GP NS GP U T GO ED S G W G SR TR G VD B G0 OB (I s R A G G S D T N T ED G0 B S S D Ge B B SR B S W) G5 G L OB W S G em
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1 MULTIPLE HENISPHERIC CCVERAGE RADAR ‘§

BIAS EFRORS FCR MEASUREMENT GENERATICYH ARE e

. 1.0 METIERS RANGE, .0009 RAD A2, .00058 RAD EI, )

1 AND .2 N/S LCPPLER 3

; THFRMAL ERROR SIGNAS 50 M RANGF,.0925 RAD AZ, 3

§ .0925 RAD EL, AND 9.7 M/S CCPELER %

3 JITTER ERROR SIGMAS 5 M RANGE, .001 RAD AZ, é

. .001 RAD EL, AND .5 H/S LOPPLEF $

REFERENCE RANGE I€ 159000 METEGRS. 3

HEASURENENT THHESEOLD IS 12 DE. FEEQUENCY 3200€00000 H2Z %

ELEVATION BRAMRIDIH IS .0873 RADIANS. =

NO RENMCVARLIE EIASES O M RANGE, 0 RAL AZ, 0 RAD BIL, 4

0 M/S DOPEFLER. >

-

oW

NC REMCVABLE MULTIPATH PARAMETERS A Is 0, B IS O
CIsV §
TRACK 01 MULTIFLE RADAR COVERAGE LINITS

$USB WEAPON PACKET 1

RADAR NUMEBR 1, 1 TRACK INTERVAL,

PRE=APOGEE BLEVATION OPTION =4 VAIUE CF .008 RALIANS
TC FOST~AFCGEE ELEVATICN CPTION 4 VALUE OF
.008 RADIANS. THE PRI IS 2.0 SECCNDS.

RADAR 2, 1 TRACK INTERVAL
TIMBE OPTION 3 OF .2 SECCNDS TC FCST APOGEE
ELEVATION OFTION 4, VALUE OF .COE€ PADIANS.
THE PRI IS 2.0 SECONDS.

et et ol sl Dot AR A N K bneiodels

R RO AT SIS it VA PR B

5
ESTINATOF 6%
$USE FILTER 1, USE SIGMAS IN FADAR FACKET 1 FOR WEIGHIS,
USE TRUR STATB VECTOR FOR INITIALIZATION -1, MAXINUN
NUMBER OF ITERATICNS IS 20, POSITICNAL CONVERGENCE
OPTION 1, VALUE = .5 METERS, NC AFFICFI DATA 0,
ESTINATE FCSITICNS EAST 1 NORTH 1 EFIGHT 1
VBELOCITIES BAST 1 NOFTIH 1 HEIGHT 1
DXAG 1 NC SPIN O
NO WIND C O
NC EIASES 0 0 Q O
NO MULTIPATH PARAMBIBES 0 0 0

B L U Do TR a el e T s o

$
MEASURE 01 ERRCR CENERATION
$IN CINMULATING RADAR MEASUREMENTS INCLUDE
EIAS¥S 1, THERMAL ERRORS 1, JITTER EFRCRS 1,
AND TRCEHOSPHERIC REFRACTION 1, NO MULTIPATH O $
METRO 04 GROUND CONDITIONS
$METRC PACKET TYFE 2 (GROUNDC CCNDITIONS)
AIR DENSITY IS 1.15 XG/MMN
WIND SFEED IS 5 M/5 ( ABOUT TEN KNOTS)
WIND IS COMING FROM THE N.E. ( 45 CEGREES)
GRCOND TEMEBRATURE IS 266.E5 DEG KELVINS
ouUTPUT 02 NOMINAL TRAJECTCRY
$COVERAGE CFTIZN 1, RADAR 1, WEAPON 1
TIME INITIAL OF 0 SECONDS EVERY .5 SEC TO INPACT
CPTICN =999. PRTNTOUT IN POLAR COCRLINATES
OPTION 2, NO TAPER PRINTOUT 0 §

B R L Y T T Y Y T L L L e T L T L Y

I R Tl L N R N L L LN

o e S SRt Wip > TPWIRT DRI TN AR RS R NG IR WA LTSN S B PR

SECTION 1 03/21/78 15.38.53 EAGE 2
{]
)
1
177 g
%




e G R R R D S R e S R 0T TR

5 g

Capmt i

.
ALY

Vs

. ) . TR
SV s o ket 1208 BT < (¥ mlntp i wnt B L

RS

MULTIPLE HEMISPHERIC CCVERAGE RADAFR
0uTPUT 03 CONVERGENCE .
$GENERATE SECTICN THREE OF THE LOCATER TEST REPORT
1 ¥OR ONLY 1 RUN $
OUTPUT 07
$PRINT TRACK RBSIDUALS 1, WRITE THEM TQ TAPE FOR FICTTING 1,
FCR ALL RUNS O s
RANDONM U1 RANDON NUMBER SEFD IKITIALIZATION N
$RANDCE NUMBER SFED IS 3676231 §

o

END

0 ST 2R

1

- 1 ¢ .
SRR A R F e R Y

AL UL ST oS U O SAR L Y PPN S LTk RO AL T S NN

s &t s B2 I mia Tt

SoAom e b s nveds et el B g ok

0 TS e A W P R D¢ SR W DR D R D P D 0 T PR MR B LS D W R B D TR G A G PN O G TS YD O B R D WD U s s e D A AL S8 Wk AR S BB LE TE TY £P M TR ST e e e

SECTICN 1 0321778 15.34.33 FAGE 3
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RADAR 1 TRACKING REAPON 1
TINE(SEC) EK(N) AZ (MR} KL (MR) RPOT AZDOT  ELDOT VEBL  SNR(DB)

0.000 10012.5 1520.84 «1.79 «171.€ ~=33.43 19.3€ 393.0 36.03

«500 9929.3 1504.19 3.75 =-161.4 -33.47 10.78 382.1 36.18
1.000 9851.0 1487.67 9.00 -151.8 =32.90 10.20 371.7 36.32
1.500 9777.4 1471.29 13.95 -142.7 -32.63 9.6° 361.8 36.45
2,000 9708.2 1485.04 18.61 -134.1 =32.35 .02 382.5 36.57
2.500 9643.2 1u38.94 22.97 ~126.0 =-32.08 8.4 343.7 36.69
3.000 9582.4 1422.96 27.03 -118.3 ~31.82 7.84 335.5 36.80
3.500 9524.8 1W07.11 30.80 «111.2 -31.59 7.28 328.0 36.90
4.000 9uU7€.9 1391.36 34.29 -104.5 -31.4% 6.68 321.£ 37.00
h.500 9420.2 1375.68 37.48 =98.4 -31.31 €.12 316.0 37.09
5.000 9372.4 13€0.04 ug.u1 -32.7 -31.20 5.57 311.5 37.18
5.500 9327.4 1344.u1 43.05 «87.3 =31.26 €.02 307.7 37.27
6.000 9285.1 132€.78 U45.42 =82.1 +~31.29 B.47 304.4 37.34
6.500 9245.3 1313.13 47.52 -77.1 -31.32 3.93 301.6 37.42
7.000 9208.0 1297.45 49.35 =72.1 =31.37 3.37 299.0 37.49
7.500 9173.2 1281.76 £0.90 -67.2 -31.41 2.82 296.6 317,56
8.000 S140.7 126€6.05 52.17 ~62.6 =31.44 2.26 294.4 37.62
8.500 9110.6 1250.32 53.16 =57.9 =31.46 .70 292.4 37.67
9.000 9082.8 1234.59 53.86 <-53.3 ~31.46 .13 290.5 37.73
9.500 9057.3 1218.86 54.29 -U48.7 =31.45 .E6 288.6 37.78
10.000 9034.1 1203.14 S4.u3 -4d.2 -31.43 -.01 286.9 37.82
10.500 9013.1 1187.44 S4.28 -39,7 =31.39 -.58 28E5.4 37.86
11.060 8994.4 1171.75 53.85 ~35.3 ~31.34 -1.1% 283.9 37.90
11.500 8977.8 1156.10 53.14 -30.9 -31.28 -1.71 282.5 37.93
12.000 8963.% 1140.48 S2.14 ~26.5 =~31.19 -2.28 281.2 37.96
12.500 895t.3 124.9 5¢.86 =22.2 <~31.10 -2.8% 28C.0 37.98
13.000 8941.2 1106.38 49.29 =-18.0 =30.99 -3.41 279.0 38.00
13.500 8933.3 1093.92 47.45 =13.7 ~30.86 -3.97 278.0 3§.02
14.000 8927.5 1078.53 45.33 =9.% =-390.72 -4.52 277.1 38.03
14.500 8923.7 1063.20 42.93 ~5.4 -30.57 =-£.07 276.3 38.03
15.G00 8922.1 10U47.96 40.26 =1.2 =-30.40 -5.61 275.6 38.04
15.500 8922.5 1032.81 37.32 2.9 =30.22 =-€.14 275.0 38.04
16.000 8925.0 1017.75 .2 7.0 =-30.02 ~6.67 274.4 38.03
16.500 8929.4 1002.79 30.€5 11.0 -29.82 -7.19 274.0 38.02
17.000 8936.0 587.93 26.93 15.0 -2%.60 =7.70 273.6 38.01
17.500 8944.5 973.19 22,96 19.0 =-29.37 ~8.20 273.3 37.99
18,000 8SE5.0 SEL.56 18.70  23.0 =-29.13 -8.69 273.1%1 37.97
18.500 8957.5 944,06 14,27 27.0 -28.88 -9.17 273.0 37.95
15.000 8982.0 929.69 9.57 30.9 -28.61 ~9.63 272.9 37.9:2
19.%00 8993.4 91E.45 u.e4 4.8 -28.34 -~10.09 273.0 37.89
20.000 9016.8 901.35 -.52 38.7 =-28.06 ~-10.54 273.0 37.85
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MULTIPLE HENISPHERIC CCVEIRAGE RADAF
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SRCTION 3 = IXTRRATICNS -

MONTE CARLO RUN NUMEEFR 1 1
X Y 2 vX VY Y2 KD KS WE  WN

1) § DY 114 VX bvY ove DXL DKsS DW3 DWN E
RB AR BB DE A B c

DRB TCAE DEB DDB DA DB DC CTOTAL

we«s ITREATION 1
i 9962.6 564.8 4.6 -186.2 322.7 111.1 «€982E0B-03 «15 =

3.
-9 -10.9 16.8 5 5 3 +6403678=-05 0.00 0.
0.0 0.0 0.0 0.0 0.0 O. 0.

0.0 0.0 0.0 0.0 0.0 O. 0. 7.3330
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9y61.7 554. 0 2t.4 -185.7 323.2 111.3  .704654R-03 .15 =3.5 -3.5

.0 -0 «0 -.0 .0 .0 «3710278-07 0.00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. d i

0.¢ 0.0 0.0 0.0 0.0 0. 0. 3.8690

)

,

*
i
o

(1535

««e= ITBRATION 3
9961.7 554.0 21.4 -185.7 323.2 1.3 -704€91E-03 .15 ~3.5 -3.5
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MULTIPLE HEMISFHERIC CCVERAGE RADAF

M EASURRNENTS, WBIGHTS FOR RUN 1

NPT TINY RANGE

s W N

W

- Y- T R -,

12
13
14
15
16
17
18
19

e o )ty et o e

WEIGHT

<200 11362.6

- 3843-01

2.000 S711.6
«391E-01

2.200 10807.0
«3878-01

4.000 Su€7.2
«392B-01¢

4.200 10318.4
« 389RB-01

6.000 9279.4
«3938-01

6.200 9871.6
- 391B-00

8.000 9140.7
«393E-01

8.200  9440.6
- 3922-01

10.000 9030.7
- 394E-01

10.200 9067.%
«393E-01

12.000 89€8.1
«394E-01

12,200 8692.€
«3342-01

14.000 8931.5
-3942-01

14.200 8372.3
«3958-01

16.000 8930.8
«394B~01

16.200 8067.7
«396E-01

18.000 89%7.4
«3948-01

18.200 7804.8
- 396E-01

SECTICN &

AZINUTH BIEVIN [COFPLER
WRBIGH? WBIGH? WEIGHT

1.976615 .00u739 =-297.26
«220%406 .2202+0C - 346B+01
1.457461 .023212 -134.44
«3U7E+06 .3U7E40€ .3E9E+01
1.931942 .021161 =-261.18
«257E+06 .257E+06 .3ESE+01
1.39C594 .035487 -105.44
»370E+06 .370E+0€ ,2372E+01
1.892059 .032926 ~-234.59
«294E+06 .294K+0€ . 3€2B+01
1.327315 .046837 -81.20
3888406 .388F+06 ,374R+01
1.851656 .044238 =-215.53
+3335406 . 333R40€ ,3€8E+01
1.262204 .054708 ~62.35
~U03E+06 .4O3X+0€ .376B+01
1.808741 .052662 -200.61
«372E+06 . 372E+06 .2372B+01
1.201679 .056364 ~43.97
~8415E+06 .415E+06 .3772+01
1.761956 .055616 =-187.75
+H12E+06 LU12E+06 .376E+01
1.139067 .051358 =-26.00
JU222+406 .4225Z40€6 .377B+01
1.709552 .056748 ~-173.26
«852E+06 .U4S52E+06 .3E0E+01
1.077673 ,049279 -8.73
~H26E+06 .H2€E+0€ .378R+01
1.659522 .049791 -158.02
+H91E+06 .U91E+0€ ,3E3IE+01
1.016695 .039808 8.14
~H26E+06 LG2€E+0€ .378E+01
1.601676 .039908 ~144.31
+528E+406 .528F+06 .385E+01
957888 .020162 24,22
«423E406 LU23E+0€ .377B+01
1.541854 .023879 -126.16
+562B406 .S62E+06 .387E+01

037217718 15.34.58
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33.83
2
36.57
1
34.71

2
37.00
1
35.52

2
37.35
1
36.30

2
37.62
1
37.05
2
37.82
1
37.78

2
37.96

1
38.49
2
38.03
1
39. 17
2
38.03
t
39.81

2
37.97
1
40.4c
2

C (NET)
DROP

€.6C295
0

4.58125
0

2.11070

0
3.20481
0
2.80079
0
3.56761
0
1.40342
0
5.30075

0
6.79252

0
«99590

0
3.27802

0
S5.72229
0
3. 44492

0
92549
0
4.27881
0
4.10057
0
7.37031
0
2.74017
0
4.28859
0
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MULTIPLE HENISFHER1C CCVERAGE RADAF %

SECTION 5 = STATE COVARIANCE MATFIX ANC CORRELATICN CCEFFICIANIS NC RUN 1 - %
1 L3CETTE401. §
2 .23086E+01 .17813E+02 . 4
3 -.€19S7E+400 -.23C34E+01 .65090E+02 %
4 -.27172E+00 -, 4U4509E+00 -.28462E+00 .S7669E-01 - 8
5 .32848R-01 -.79383B+00 .76611E400 =.94410E-01 .24509E+00 :
6 .65672E-01 .241B8E+00 -.57626E+401 -.48793E-02 -.2UEGUE-01 .62u81E+00 Lo
7 .10S40E-05 .89176E-05 .13320E-04 =~.14717E-05 .15737E-05 -.69522E-06 Vo
<39116E-10 b

£

STATE NUMBER STATE i 3

1 X ECSITICN b

2 Y FOSITICN. -3

3 Z FCSITICN C

4 X VELOCITY L

s Y VELCCITY b

6 Z VELOCITY «g

7 DRAG (KE) -

CCRREIATICN CCEFFICIANTS §
g

1 1.0000000 3
2 .3158650  1.6€000000 3
3 -.0438736 -.0684199  1.0000060 E
4 -,4964018 -.3812S61 -.1128851 1.0000000 3
5 .0390349  -.3873601 .191810C  -.6102038  1.0000000 %
6 . 04742350 .€733315  -.9036298 =-.0197517 -.0635375  1.0000000 !
7 .0962158  .3416913  .26397S€  =-.752946E .5082596  ~.1406291 3
1.€000000 3
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RUN VO

- d o =D
EWN=220WVODNAUTLEWN -

15

N =d el b b
OWw~NRN

AVE

s1I6

N/8

396.4
39¢€.¢
392.6
392.0
393.2
39t.7
394.7
392.1
391.6
397.4
394.2
3%2.5
392.3
392.5
394.9
391.9
386.7
395. ¢
390.5
389.¢€

393.2
2.5

s et

SO FREARTAN

[ U

NULTIELE HEMISPHERIC CCYIRAGE RADAK

e R T TR R R AT RS

T T
s sy O
‘vf‘f}e‘: N TR

ICY S5 = LAUNCH CCNDITIONS ANLC WEIGHTEDR RESIDUAL STATISTICS

QE
CEG

17.10
1€.89
16.93
16.83
16.89
16.92
16.97
16.83
16.83
16.95
16.85
16.87
16.85
1€.70
16.96
16.87
16.86
16.80
16.99
16.88

16.89
.08

AZF
LEG

330.1
330.1
330.0
330.¢C
330.0
328.9
330.0
330.1
329.9
330.0
330.0
330.0
329.9
330.1
330.0
330.1
330.0
329.9
330.0
330.0

330.0
.1

T FIRE QR ca QE QRDOT
SEC
-. 13 .844 1.051 .963 1.011
~.12 1.627 «790 .776  1.497
<01 -862  .2€U .885 1.022
.05 .8€7 «631 1.001 .881
-.00 t.u28 . 84S .58 1.17¢€
-.12 <749 «631 . 784 -.829
-.08 528 «794 1,069 -€E8
.05 1.849 .862 .833 1.304
.09 .828 «€E7 1.302 - €04
<13 1.243 <99 1.025 - 520
-.07 1.265 1.31%4 .863 - 86¢S
-.06 1.398 1.291 +924 «859
<04  1.210 <9€5 1,487 1.1€3
~.02 -539 -848 .570 676
-.09 1.528 <JEU 1.401 1.0CE
N <641 <463 -811  1.002
.26 1.197 1.048 .803 ~9ES
-.12 1.280 1.058 <846 1.U61
<12 1,427 1.325 1,114 1.02¢
.16 .728 1.069 1.621 1.081
-.01 1.102 0931 .997 »980
- <374 «226 <261 <255

THE ABGVE STATISTICS IS BASZD ON 20 CUTI OF 20 RUNS

P N L L L L L P T TR S T Y Y PR P LR LY Y ET LY P L R L Y Y Y PP P Y Y Y YR T Y X

3€.CE

SECTICN 6

03721778

1.

FAGE

cf ~r A ey - W'\Aﬂv——"
I Iy A IV A St e A w5yt~ i P ORI ol e ot W

¢ 10T FIT NITER

3.869
4.690
3.73%
3.380
§.308
2.994
3.046
4.847
3.421
3.783
&.310
4.472
§.826
2.633
§.920
2.917
4.008
4,604
4,892
4.499
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SECTION 7 - TRACK FESIDUALS FOR RUN NUMBER 1 P
v ¥ A

P2

NPT TINE RN DR 1 Y. | CaA By DE RRY DRR IDRP 2
1 .200 41263, -4.7 1.9766 4.Q8S  .0047  3.055 -297.3 -.1 0 I
2 2.000 9712, 5.0 1.4575 1.531 .0232 2.782 =13%&.4 =.2 0 - 59
3 2.200 10807. =2.6 1.9319 =-.887 .0212 1.422 -261.2 6 0 {
4 8,000 9867. -1.8 1.3906 ~1.247 .0355 =-.820 -105.§% ~=.8 0 i
5 4.200 10388, 2.9 1.8921 -.49% .0329 -1.41€ ~234.6 -.7 0 i
6 6.000 9279. =3.9 -1.3273 =-1.551 .0468 =~.79% =-81.2 70 k
7 6.200 9872. 4.3 1.8517  .706 .0482 <-1.237 =-215.5 0 0 E
8 8.000 914t. 1.3 1.2622 =-3.583 .0547 170 ~62.3. =-.1 0 2
9 8.200 9441. =10.1 1.8087 1.795 .0527 =-.387 -200.6 6 0 ¢
10 10.000 9031. =-2.9 1.2017 -.830 .0564 <«.590 =44.0 =-.3 0 -
11 10.200 9067. 5.4 1.7620 1.833 .0556 =-1.091-187.7 =.3 0 R
12 12.000 8968. 4.0 1.1391 -.369 .0514 =-3.447 =26.0 =.0 0 g
13 12.200 8693. =-8.4 1.7096 ~.803 .0567  .7%4 -173.3 2 0 k.
14 14.000 8931, 2.1 1.0777  .628 .0493 1.160 =8.7 .10 LR
15 14,200 8372, 3.6 1.6595 1.905 .0498 ~.6€0 -158.0 700 3
16 16.000 8931, 2.2 1,0167  .888 .0398 2.790 8.1 30 <3
17 16.200 8068. .8 1.6017 =-.290 .0399  .272 -144.3 -1.4 0 %
18 18.000 8957. ~-3.2 .9579 1.727 .0202 =-1.564 24.2 .10 L
19 18.200 7805. 7.0 1.5419 ~-1.697 .0239  .713 -126.2 =-.3 0 i3
TRACK RESIDUAL STATISTICS ROUN 1 i 3

RANGE (M) AZINUTH (MR) BLEVATION(MR) CLCEELER(M/S) g :f

AVEGE « 055 174 .59 -.052 |
SIGHA 4. 636 1. 706 1. €33 .516 y
iy

Lo

L
! 7

by
P

' i

4

b
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7.4¢3 Results Swmnary

This exauplo demonstrates a maltiple radar tracking a low guadvrant olevation 10§
howitzer.

SECTICN 2 output is the hallistic trajectory based on tho pavametors spocified in RIGURE
6. The radar used in the coverage is the southermmost sensor - HER South. Note that the maximum

projectile elevation angle is approximately 54 mr or 3 degrees at the time of 10 seconds.

SECTION 4 output is a dump of the track £ile which consists of both radarts measurements
sorted in time, The measurements with track times o‘f 2 to 18 seconds every 2 seconds are those
of radar 1 while these times of .2 to 18.2 seconds aro from radar 2.

SECITON 7 reports the file of tvack residuals for monte carlo run 1, The fit state vector
is extyapolated to each track timo, transformed to the appropriate radar coordinate system and
the quantity, measurement minus estimated, is printed and plotted. The measurement yesiduals
standard deviations ave range 4.6 m, azimath 1.7 mr, elevation 1.6 mr and doppler .5 m/s.

The statistice on drag estimation (KD) indicate u standard deviation of .7658-5 nm/kg,

"~

which corresponds to a drag estimate of 1,04 8.

The output from SECTION ¢ plots the fitted state vector extrapolated to the terrain, with
respect to the true launch lecation at coordinates (0 m Bast, © mNorth), The mean miss
distance location, 4.4 m East and -1.8 m North, 1is relatively unbiased based on 20 Monte Carlo
runs, ‘The equivalent ellipsoid has a semi-major axis of 40,2 m inclined at approximately 150
degreos. The semi -major axis is almost inclined in the same direction asthe down range axis.
The cross range accuwracies at 8.5 km is about 14.5 m; ‘rhis error is largely responsible for
the elongated scatter diagram. The equivalent CE! is 34.4 m.

System errors such as surveying accuracies,  axes alignment and biases have not been

included in this analysis but are nonctheless important and should be inclwded for practical
spplications,

- . e

190

AR e

v

s

A S
oo/ 23 iy St

o i K AW

.7

T T 2]

5.0

P

>

o DS St o)

a5 el Bk

.
PRy

¢

5 AT R A e i e L B S

R O A ey MR S




T

ST A R i S TR S R s LRI,

8.0 LOCATER PROGRAVWER'S GUIDG
The programmer's guide for IOCATIR contains the following: -
e 3 €y
8 1. Flow charts of the main control routines, 2B
. 2, Subroutine calling sequence and lovel mmber, b
. 3. Alphabetical subroutine list, calling voutine, B
i< . and purpose. { o1 e
B 4, Labelled common variable description, wvalues, 'K
| 3 units, und cross reference list, S
5. Information for modifying LOCATER - input ; 3
£ stoi’age array lengths and addition of new data S
S ckets. 2
feef v 6. nformation for the modifying equuations g
=8 of motion, 3}
7. LOCATER input/output units, purposo and -
contents. 74
.
8.1 Flow Charts 1
) kst
‘f The follewing routines are flow charted in Section 8.1. +
s i
1. LOCATER Main program B
o 1. Variable initialization %
2. Reads in data packets 38
9 3. Call MONITR the control SRS
3 progran ¥
4 4. Outputs all data filos
¥ 2 2. MONITR  Main contvol subroutine ¥
5 1. Determinos program run mcde - L
= either simlation or real data ;
A analysis )
2. Generates wnorrored trajectory i
E coordinates 5
g 3. Computes radar noise for KN
measurement simiation %
4. Calls the state vector estimator =4
routine MAXLIK 2
5. Determinos covariance of estimated 3
stato vectors )2
3. MAXLIK  Estimator subroutine y ,
1. Generates measurement weights A
2, Detemmines starting state vector .
58 3. Solves the maximm likely equation .
4. Genorates SECITON 3-8 of the ¥
- LOCATER REPORTY 4f
5 4. ACGEL  Equations of motion B
K Rofer to section $.3 for doscription ?
\"p: ;‘ :
3
.,‘ .
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8.1.1 LOCATER FLOW CHART

Start

BRI & R GRR G  ear s e

Variable
Initializatlon
CALL INITAL

Read LOCATER
[gruf dack
CAll READIN

Generate
SECTION 1
CALL SECTOI

Print Soctlion
CALL QUTFIL

k:

Road Title
Card

Read data packets
CALL INP

CALL CHECKS H

*

lrajectory coveragq
CALL TRAJEN

A

Estimation
CALL MONITR

End
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Print SECTIONS
2 1o 9
CALL OUT
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8.1.2 MONITR FLOW CHART

Start

Radar numbot ~ NRAQ)
Woapon numbor ~ NWEFA

k

Do Loon # Runs

sanorate Unerrored
Coordlnates

CALL GENER

)

Road External
Trajecrory

CALL BRLIN
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NPV, Pep X 5

v

San's

Road Roal Data
CALL REALDAT
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k

Gonorato Nolse
CALL ENVNSE

B PR,

Compute SNR If‘--1 ‘
Not Maasured !

i

-

.

‘st imate Trajuctory
Through
Moasuremonts

CALL FILTER
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Compute Miss
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CALL SECT09
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Co ute moasurorent welghis -
By ban [egag Cent welg
CALL WETOHT
& .
Estimator Iattiallzabtton i
X Inttial mateic S.%, ' i
NS # statos to astimato in X -
2 inltlal blas/multipath S0V, i
NP # states to estimete (n a T
- CALL START \g
1 . "@F
[Moasuramant oditing. CALL EOIT | L H
A [Sot roterence tim, to | =
{’ . ,—3
2 Extrapolote X to timo t .

CALL EXTRAP
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Extrapolate S.V. X to
moasurement time, +|.

3 CALL EXTRAP

Transform X In &SF to R In
RAE by eqn [5-31.
CALL XYZRAE
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Compute transition matrix,¢.
Section 5.5.3
CALL PHIMAT
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2. Compute peturbation transfor-
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pA Update reslidual error matrix, i
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'; 5 Solve ME for porturbation, 8V.
2 v = (eh'a eqn[5-46] :
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8.1.4 ACCEL FLOW CHART
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altitude, H,

Alr denslty
Valocity sound
Eost wind
North wind

Standard atmosphere

P
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Wy

Interpolate MET table

Air density P
Temperature °K T
East wind
North wind W

WE
N

L.

Compute veloclty of
sound,

Vs

ad

PRt E Al =

oy K,

3 s
PRI

’
T e
R

—— -vmr«,m
3 s ¥ey i

Jodiar of B g

M

Compute projectilo veloclty
WRT air, v

Compute Corioils accebration
Ca

A

Compute 11f% Eccelorafion
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TEQmufe Mach number
M

i)

Compute drag d8ce|era+lon
g

Deferane net accelerarlon;s{
-q+ A+D L

Return
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8.1.5 Subroutine Calling Soquence

LEVEL  ROULINE
NUMBER NAME

O¢O\\:O\U‘lU’lm-b&MNfll(ﬂbwDlNUO-lNAMGUMMNM&MMMMMWMNHNUM“UNNNP‘NHNNNNNHHHPHO

LOCATER

INITAL
READIN
SECTo1
OUTFIL
INP
FREAD
CoPQK
TABLIN
SETUR
QUTFIL
CHECKS

TRAJEN
SETRND
REACHA-
SECT02 |
RCST
TLUXY
SGNR
XYZRAE
EXTRAPS
MONITR
GENER
SETRND
MEASTR
REACH*
EXTRAPS$
XYZXYZ
XYZRAB
RCST

TLUXY

BRLIN
SETUP
XYZECF
ECFXY2
XYZRAE
RCST

TLUXY

REALDAT
SGNR
SORT

ENVNSE
GAUSS
MULPTH

TLUXY

TRPSH
SGNR
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XYaick
HCEXY2
NZRAR
RAKERR
MU
MATMUL
DEANAT
TRNPSL
MATINV
COPMAY
URLYSY

CONVRG
SHCIY
SHCTO4
SECTOS
SHC06
GRND2Y
REAQH®
ShCra?
SHOTOS

HIGUN
GRNDL
REAGH®
SORt

Qn
QUL

® SURROUTING BXTRAP
LEVEL  ROUTINY

BIAS

PSP S0 85 203 D

BIAS

NAMK

KXIRAD
ACCHl,
ANG
AL
TLUXY
AXB
K

$ SUBROULING REBACH
LY

ROULING
NAME

REAQU

YRR

X¥2XY2
XYZHCE
HOENYE

NYZRAH
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4
1 ALTUD
1 GRND21
1 GRUND
1 NEXTX

Al)l subroutines, SEGI01 to SECL09, cull subroutines 'TOP and BOT.

B GBR e T s £ b byt G T 1 0% 5% S e 254

8.2 Subroutine Description
ROUIING  DESCRIPTION CALLING  #QF
NAME ROUTINE  CALLS
ACCEL Equations of motion BXTRAR 3
ADOTB Vector dot product RCST 1
ALTUD Altitude of projectile ACCEL 1
REAGH 5
AVAG Vector magnitude ACCHL 4 -t
ALTUD 1 A
RCST 2 %
SECT02 1 ’
SECT06 1 §
SECI09 1 N
SEIRVD 1 %
APRIR Apriori informtion for MLE MAXLIN 1 Bt
AVRGH Avesage of an array EDIT 1 A
AXB Vector cress product ACCEL 2 <
BOT Writes bottom of each page SECTOL 2 E
SECT02 2 3
SECTO3 3
SECTO4 2 E
SECros 2 4
SECI'06 3 ;
SECTH? 3 5
SECT08 8
: SEGr09 5 £
BRLIN Rend external trajectory MNITR 1
(HECKS  Input data consistency check LOCATER 1
CONVRG ~ MLEi covergerice test MAXLIK 1 i
COPAIK  Transfer input to storage arrays INp 15 4
COPMAT  Matxix co MAXLIK 1
DEAMAT  B/M pertnrbation transfommation in MLB MAXLIK 1 i
DIFPOL  Polynomial differentiation XMEAS 1 A
IMPOUT  Dump dnpnt data packet arrays QHECKS 15 3
EUEXYZ  Coordinate transformation from NRLIN ! R
ECF to ESF XYZXYZ 1 g
EDIT Measurement editing MAXLIK 3 %
BIGEN Eigenvalues of symmetric matrix SECT09 1 3
ENVNSE  Add radar noise to trajectory MONITR 1 %
BXLPSE  MLE state vestor cxpansion/collapse MAXLIK 2 2
BEXTRAP  State vector oxtrapolation . GENER 1 8
MAXLIK 2 b1
PIMAT 2 s
RHACH 6 H
TRAJEN 2 ks
FILTER  Filtor cholce routine MONITR 1 o
FREAD Read free fonmmat data packet IND 1 {
GAUSS Randon manber generator ENVNSE 2 3
MONTTR 1 i
GENER Gencrates unerrored trajectory MONTTR 1 g
coordinates for simulation B
GRVD21  Detormines ground height if no REAGH 1 &
1
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digical terrain map hag been SECTO6 1 R
input, SECrog o
INITAL Variable initiali:ation Locar g
INIT Bock data initializatigy L
IND Main input routine Locater B
e Zero yay drag coefficiont curve ACCEL 1 S
LOCATER My program )
MATINY Mitrix inversion MAXLIN 1 ui?
ML Mapiy multiplication MAXLIK ¢ 3
MATZER  Matpiy Initialization to ¢ DEAMAT ) E
MAXLIK 3
MAXLIK Determineg best fit tyy Jjectory FILTER 1 A
through measurements
MEASTR ines trye state vector GENER 1 -
START 1
MEC Porturbatioy transtomation from MAXLIR 1
ICF to RA
MONITR Controy program fop measurement LOCATER )
. generation ang trajectory estimation
MULPTH Generato mud tipath” errops ENVNSE 1
NEXTX Roots of nonlinear equations RBAQH 1
or Miin output routine LOCATER 1
OUTEIL Transfers output from SECTO1 COPCHEK 2
0 SECI09 to line printer INp 2
LOCATER Y3
our 2
ABLIN 4 H
PHIMAT State transition matrix MAXLIE 2 3
POLREG Polynomial regressjon XMEAS 1 k4
POLYVL Polynomia) evaluation XMEAS 1 o
RABERR ify neasuremant estimiteg MAXLIK 1 ;
by bias iltipath ervops {2
Rest Compute ReS BRLIN 1 §o
GENER f
SECf02 ) | %
REAQU Extrapolate state vector to GENER 2 P %
4 specified condition SECI06 1 . |
SECToy ;3
READIN Transfors input cawds to disk LOCATER 1
REALDAT  Reaq real datg MNITR 1 ks
SECroy Print fnput data caids LOCATER 1 2
SECTo2 War-Weapon trajectory Coverage TRAJEN 4 ¥
SECN3 Mg convergence performance MALIK 1 -3
SECTO4  pungp measurenents array MOXLIK g K
SECT0S  print covariance mitrix angd MAXLIK 1 O
Correlaticn coefficients et
SECT06  Launc), mrameters of estimaed MAXLIK 1 ig‘F
State vectors .
SECT07 Print track Yesiduals MAXLIK 1 ; V:
SECI08 istimation statistics MAXLIK 1 P
SECTo9 Launch point determination MAXLIK 1 3#
SETRND fine initia] state vector GENER 1 { e
and- integration constants START 4 B
TRAJEN 1 2
SETUpP Define trans fomationg from BRLIN 1 A
ECF and Egp INP 1
SEtup? Detemmines longitude and BRLIN 1 P3
latitude of ap ESE origin GENBR 1 P
' relative to another LSp origin REALDAT 1 P
SRR Compute signal nojsc ratio ENWNSE 1 } 4
REALDAT 3 @
SECTOR 1 :
SIMEGN Simul tancoys equations PLREG 1 7
SORT Sort leasurements ag function GENER 1 ’ .{
of time for muy tiple radar datq REALDAY 1 4
i
i
:
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T SRRy Db

. . SECT09 -1
START Get state vector to initialize MLE MAXLIK 1
TABLIN  Read a table in a data packet INp 1
TLUXY 2D tuble interpointion ACCEL 4

MULI'TH 1

i RCST 1

Top Writes LOCATER title at BOT 1
top of cach output page SECT01-09 1

TRAJEN  Nominal trajectory genaration LOCATER T

TRNPSE Matrix transpose MAXLIK 2
TRESH Trophospheric refraction errors ENVNSE 1
WEIGHT  Measurcment weights in MLE MAXLIK 1
XMEAS Compute initial state vecter START 1

from measurcments

XYZECE  (oordinate transform from BRLIN 1

ESF to ECE Xyzxyz 1

XYZRAE  (oordinate transform from BRLIN 1

ESE to RAE GENGR 1

MAXLIK 1

REAOH 4

SECT02 1

XYZXYZ  Coordinate transform between GENER 1
2 raday ESF systems MAXLIK 1

REACH 4

8.3 Labelled Commnon

The FORTRAN source of LOCATER uses 22 labelled common areas with

cach common being

implemented as a COMDECK in the CDC UPDATE form of source storage.

global common redefinitions. 7

This implementation allows

The purpose of this section’is to familiarize the programmer with each comon variable.
The subsections of 8.3 are:

8.3.1 Input Data Packet Storage
arrays and dimensions

8.3.2 FORTRAN Common Statements

8.3.3 Variable Cross Reference
variablie list

8,3.4 Common Variable Descriotion
values, units, and defining subroutine

8,3.1 Inpuc Data Packet Storage Arrays

Each LOCATER data packet has an assoclated common storage array. All field free

nweneric ITEMS that were read from the data packet are stored in this array with the number of
ITEMS road being stored at the end of the array. The dimensions of these arrays are also
stored as variables.

For exampie, the WEAP(N XX data packet is stored in array WEAPON(100,XX)  in labelled

comnon WEP where XX ranges from 1 to 5. The first dimension of the array WEAPON, 100, is

stored in variable IDIMA(14) while the second dimension, S5, is stored in JDIMA(14).
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The following is a list of packet name and storage arrays: 3‘
Packet  Packet , Labélled : :i
i Name Array Dimensions Dimension Names Common i
bl . B
i APRIORT APRIOR (20,5) IDIMA(L) ,JNIMA(L) APR ki
EDITOR EDITOR (20) IDIMA(2) ,JDIMA(2) MEAS s K
: ESTIMATOR ~ ESTIMA (70) IDIMA(3) ,JDIMA(3) ESTL B
§ MEASURE MEASUR (20) IDIMA(4) ,JDIMA(4) MSGN N
Ak METRO METRO (10,5) IDIMA(5) ,JNIMA(S) MET @
i MISSION MISSIO (20) IDIMA(6) ,JDIMA(6) TRAC E
MULTIPATH  MULTIP (20) . 1DIMA(16) ,JDIMA(16) ML by
N ORIGIN ORIGIN (10,5) IDIMA(7) ,JDIMA(?) ORIG - ~H

, OUTPUT OUTPT (100,5) IDIMA(8) ,JDIMA(S) ouT 4
RADAR RADAR (100,5) IDIMA(D) ,JDIMA(9) RAD 2
13 RANDOM RANDOM (5) IDIMA(10),JDIMA(10) RAND -3
: TOPOGRAPH ~ TOPOGR (20) IDIMA(12) ,JDIMA(12) MA. i
TRACK TRACK (100) IDIMA(13),JDIMA(13) TRAC o

WEAPON WEAPON (100,5) IDIMA(14) ,JDIMA (14) WEP o

VECTOR VECTOR (20,5) IDIMA(15) ,JDIMA(15) APR k|

In the above list if a variable has only 1 dimension, e.g., array MISSIO, the variable c';l:

o

JDIMA(6) would be 1. If the dimensions of any of the above arrays are to be changed, the new . %

dimensions of the array should be stored in arrays IDIMA and JDIMA. LOCATER will then . %

automatically perform bookkeeping if storage is changed in this manner. Pi

Some data packets have an optional table as input, The following list contains the packet '1

name, table storage array name, dimensions, variables names of dimensions and the appropriate . §

common name, The array for storage of the variable format to read the table is also included. %

-

Packet  Table Common ‘?

Name Array Dimensions Dimensions Names Name Format Zf

%

METRO METVAL (40,6,5) IDMET,JIMET , KIMET MET TMIMET (20) S

3

MULTIPATII MULTAB (100,2) IIMJL, JOMUL MUL PMIMUL (20) E

RCSTABLE RCSTAB (100,2,5) IDIMA(11) ,JDIMA(11) RCSS TMIRCS (20) 1:

#

For example the METRO X data packet is stored in array METVAL(40,6,XX) where XX ranges °;

from 1 to 5 thus allowing 5 different sets of meteorological conditions. The variables ITMET=40, f

- i

IIMET=6, and KIMET=5, The array METVAL is stored in labelled common MET, with the variable 2

format to read the table heing stored in array PMIMET(20). ;

8.3.2 FORTRAN Labelled Common Varisbles : ;%

© I

A1l FORTRAN labelled common blocks in LOCATER are: : N 3

3

. ',é:

i

g

b

“.g‘

I
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COMMON VARIABLE

NAME LIST
APR APRIOR(20, 5) ,VECTOR(20, 5)
CONST PI,ALGL0,MULRAD, PT02, THOPT , DEGRAD
BARTH G0, RE, HRAD, REHR, VSNDG, CMEGA,
OMEG(3) , ECCEN, NORIOL :
ESTI ESTIMA(70)
INFO NRAD, NWEP , NPTMAX, NRUN , MC, MILRAD

LENGHI IDIM:‘\(20) » JOIMA(20) , WORDS (20) ,NPACKS,
IDMET, JDMET, KDMET, KDRCS, LXHAT,

LAHAT, INDX{12)

MEAS RMEAS (300, 14) , TTRM, JURM, EDITOR(20),
RSED(300,4)

MET NMET, METNO, NMETC, METRO( 10, 5),
METVAL(40,6,5) , RIRET(20)

MLEL XOUT (20}, DXOUT(10) , AT (7) , AOUT(7) ,
DAOUT{(7) , ISTATT (10), ISTAT2(7) ,Q(4),
QSUM, COVAR(17,17)

MLE2 IFIT,NITER,NS,NSX, NP, NPY,
MM, NMX, NSE, NSPX, NDROP, NUSED, TEXL(17),
STNAM(17)

MSGN MEASUR(20)

M, MOLTIP(20) ,MILTAB(200,2) , 1 IMUL, JUMIL,
RMIMUL (20)

ORIG CRIGIN(10,5) , NI (20)

our OUTPT(100,10)

RAD- RADAR(100, 5) , BMTDAT(20,5) ’

RAND TISTART, RANDOM(S)

RCSS RCSTAB(100,2,5) , RMIRCS

REPORT TITLE (20) ,NLINE, LNMAX, DASHES (22,
NPAGE , NPGMX, DAY, TOD

TAPES TAPE(20) , KTAPE(20) , KIN, KOUT,
KDAT, KREAL , KCARD

TRAC MISSIO(20) , TRACK(100)

WeP WEAPON(100,5)

The description of each variable is in section 8.3.4.
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3.3.3 Cx*t;ss Reference Variable Name List

T 2 R e
st R R T L ot
t‘é{:“ (S .‘m’“?h\$~ z

p— om0
Lo 2 Ry 1&3’.4 (NN
R

VARTABLE  COMMON VARIABLE  COMMON VARTABLE  COMMON
NAME BLOCK NAME BLOCK NAME BLOCK
AT MLEL KCARD TAPES NS MLEL
AlG10 CONST KDATA TAPES NSp MLE2
AOOT MLEL KIMEBT LENGTH NSpX MLE2
APRICR AR KDRCS LENGIH NSX MLE2
CQOVAR MLEL KIN APES NUSED MLE2
DACUT MLEL xout TAPES NWEP INRO
DASHES REPORT NREAL TAPES OMEG EARTH
DAY REPORT KTAPE TAVES OMEGA EARTH
DEGRAD QONST LAMAT LENGTH ORIGIN ORIG
pXout MLEL LNMAX REPORT oUTPT O'Ir
ECCEN EARTH LXHAT LENGTH p1 QONST
EDITUR MEAS M INRQ PIO2 QONST'
ESTIMA ESTI MFASUR MSGN Q MLEL
BMIDAT RAD METND MRT Qs MLEL k2
RIMET MET METRO MET RADAR RAD 3
RMDRIL MIL METVAL MET RANTIOM RAND g
RMIRCS RCSS MILRAD QONST RCSTAB RCSS :
T ORIG MISSIO TRAG RE FARTH H
GRND AA MILRAD INFO REHR BARTH 2
GRNDM AA MULTAB ML RIOG BARTH e
60 BARTH MILTIP ML RMEAS MEAS 3
HRAD EARTH NDROP MLE2 RSED MEAS 3
IDIMA LENGTH NITER MLE2 STNAM MLE2 b
TIMET LENGTH NLINE REPORT TITLE REPORT
TEXL MLE2 WM MLE2 oD REPORT ]
IFIT MLE2 NMET MET TOMOGR A 4
[IMIL MIL WETC MET TRACK TRAC ;
TIRM MEAS X MLE2 TNOPT QONST
INDX LENGTH NORPOL FARTH VECTOR APR 4!
ISTART RAND NP MLE2 VSN BARTH i
ISTATL MLE1 NPACKS LENGTH WEAPON WFP s
ISTAT2 MLEL NPAGE REPORT WORDS LENGTH i
ITAPE TAPES NPQIX REPORT XGR AMA R
JDIMA LENGTH NPTMAX INFO xour MLEL £
JIMET LENGTH NPX MLE2 YGR A ¥
JIMIL MIL NRAD INFQ H
JIRM MEAS NRUN INFO ¥
i
8, 3.4 Labelled Commou Variable Nescription :
This section describes every labelled common variable; its dimensions, contents, any 3
E]
wmused storage and the routine that defines the variable. All variables follow the convention: ’
3%
I-N integer, otherwise resl, except where noted. e
APR 1ABELLED QOMMON
Variable Descrintion, Value, Units
APRIOR(29,5) Storage {or APRIORT packet.
Section 6.2.1. Elements 11-19 of each colum is wnused.
VECTOR(20,5) Storage for VECTOR packet.

Section 6.2.16. Blements 1219 of each colum is wnused.

The sccond dimension vafets to the packet nuber.
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CONST LABELLED COMMON

S

Variable Description, Value, Units

ALGLO atural log of 10,0 = 2,302585 ‘
DEGRAD Pi/180.0 .
MILRAD Pi/3200.0 (real)

Pl 3. 3415926536 :
PI02 Pi/2.0 '
TWOR 2.0%i

Variables in CONST are defined in subroutine INITAL.

EARTH LABELLED COMMON

™

e o R

Variable Description, Value, Units

B
e DIV

2

FCCEN Barth cccentricity = 0822719
o0 Gravitational constant times radius
] of carth squared = 9,80665*RERRE
HRAD Radar altitude above sea level
L NORPOL Radius of earth at north pole=
6356583.0 meters (real)
OMEG(3) Conponents of carth spin resolved
onto ESF systom at radar location
OMEGA Earth spin rate=
7.29215-5 (rad/sec)
RE Radius of earth at sea level
REHR RE+HRAD,
RHOG Atmospheric density (kg/mm)
VENDG Velocity sound (w/s)
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Variables in EARTH are defined in SETRND and INITAL.

ESIT LABELLED COMMON

vy
e

S T iRt SN AE LS, e LR

LR
s M 2 9

Variable Description, Value, Units

ESTIMA(70) Storage for ESTIMATOR packet.
Elements 25-69 are wnused

INFO LABELLED COMMON

Variable Description, Value, Units

M Mumbor of runs-defined
in MONITR=MISSIO(1)
MULRAD 0 single radar flag
1 multiple vadar flag
NRAD Packet # of base radar fron 1 to §
=MISSI0(3)
NRUN CQurrent run nunber. 1 to M
g NPTMAX ¥ of observations in track file.
b NwEP Weapon pachet from I to S,
! IT veal data mode NWEP may be 0,
=MISSI0{2)

.
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Vaviables in INRO are defined in MONITR,GENER,BRLIN snd
b B REALDAT,
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LENGTH LABELLED COMMON

£ Variable Description, Value, Units

5 IDIMA(20) First dimension of packet storage *
arrays. section 8.3.1

JDIMA(20) Second dimension of packet storage arrays
9 TIMET First dimension of array METVAL=40
N JDMET Second dimension of METVAL=6
X KIMET Third dimension of METVAL=5

?-;;;: INDX(12) (INDX(I)) is the index of the

I'th estimated state in the
state vector X.

0,

B KDRCS Second dimension of RCSTAB=2

’: LAHAT Length of B/M state vector=7
LYHAT Length of metric state vector»20
NPACKS Nrnber of data packet types=16
WORDS (20) First 4 letters of each PACKET NAME

stored as left justified lbllerith.

Variables in LENGIH are defined in INITAL and BLOCK DATA.

MEAS LABELLED COMMON

1 Dropped from pre-fit edit

2 Dropped from low SNR

4 Dropped from post-fit edit
13 Weighted squared residual for

Variable Description, Value, Units
RMEAS(300,14) Measurements file. For observation
I,RMEAS(I,K) contains:
K=
1 Measurement time(sec)
2 Range measurement(m)
3 Azimuth measurement (rad)
4  Elevation measurement (rad)
S Doppler measurement (m/s)
6 Range weight
X 7 Azimth weight
: 8 Elevation weight
9  Doppler weight
10 $ignal noise ratio(db)
B 11 Radar number
BeE: 12 Point drop code
§ 0 Good point
g

DiSrricvAniaesue ey

observation
14 Unused
28 Cols. 1-5,10 are defined in GENER,BRLIN,or REALDAT
Y- Cols. 6-9 are defined Im WEIGHT
4 Col. 12 is defined in EDIT
L Col. 13 is defined in MAXLIK
1IRM First dimension of RMEAS=300
JIRM Sacond dimension of RMEAS=14
L RSED(300,4) Track residual array (measured-estimate).
44 For observation I, RSED(I,X) contains
il . K=1 Range residual (m)
b

K=2 Azimuth residual (rad)

K=3 Elevation residual (rad;

K=4 Doppler residual (m/s)
EDITOR(20) Storage for EDITOR data packet,
. Elements 5-19 are unused

=
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"MET IABELLED CONNON

Variable Description, Value, Units
METRO(10,8) Real storage for NGTRO packet.
MiINO METRO packet.number to be wused

defined in SETRND.

NET METRO typet ‘ B
1 Default atmospheie ' &
2 Specifiod ground conditions . |

3 Specified layered atmosphere

NEIC # layers in type 3 MEIRO packet= ?‘
MELVAL(TIMUT, 1, METNO) 553

- ¥

METVAL(40,6,5) Storage for layered METRO table, For 3

packot ¥ METNO, and layer I,
MHTVAL (T, K,METNO), contains:
K=1 Height (m) of temp/den
K=2 Temperature(deg Kelvin)
K=3 Density(kg/mmn)
K= Height of wiixls (i)
_K=S East wind (/s)
K=6 North wind (m/s)

e i

ARSI
AN e

" IR

MIMET(20) Variable format to read 1 MET layer i
» . ‘,f-:'{w
s
MLE1 LARELLED COMMON ;
- 3
Variable Description, Value, Units o5l
. . %
Xour(2o) Qutput estimated state:vector. See
section 5.3 for description. - g 2
DNOUT (10) State vector perturbation ; X
AAT(?) B/M state vector . Section 3.5.1 3 \g
AUT(7) B/M state vector cutput in B
. SECTION 3 % ¢
T (7)- B/M state vector perturbation. ¢
output. in SECTION 3 2 3
ISTAT1 (10} Bstimation switches for metric SV. ]

See-section §.5.% Implementation -

1s1ar2(7) Estimation switches for BAM
state vector. See-Section 5.5.1 R
Implementation. A
Q) Average weightéd squared residual K
over # of ohsorvations for each measurement
compoient., 1 A
QM Sum of Q components .
COVAR(17,7) Covariance matrix output %
in SECIION S. p
MLE2 LABELLED COMMON =
Variable Déscription, Value, Units 7
IFIT 0 Good Ffit flag 3
1 BRad fit (divergence) 7‘3!
NITER Iteration ! of estimator -7
NDROP ! of dropped measurements [
from editing 3
NUSED f of good measurements G
NSX Max ? of metric states to 2
. eatimate=10 =
NS ¥ of metric states to estimate -3
NPX M ¢ of 'B/M states to ‘%
| ]
200




NP

NSP »

+ NsPX
X
W
IEXL(17)
STNAM(17)

MSGN LABELLEO. COMMON

Variable
MEASUR(20)

MJL LABELLED COMON
Variable .
MULTIP(20):
MULTAB (100, 2)

TIMUL
JIMIL
RITMIL(20). .

GRIG LABELLED COMIN
" Variabie
ORIGIN(10,5)
PMT1(20)

QUT LABELLED COMMON
Variable
" QUTPT(200,10)

RAD LARELLED COMMON
Variablu
RADAR(100,5)

s

FMITNT(20,5)

estimate
¥ of B/M states to estimate
NS+NP-.

NSX+NPX

!} of radur measurement components'-d
¢ measuwment conponents

For the I'th cstimated state
S‘I‘N:\M(IEXL(I)) is’ name of state,

Description, Value, Units

MEASURE packet stcrage array, See: -
section 6.2.4,

Description, Value ’ Units ™

MULTIPATH packet storage array. See
section 6.2.7 ; L
Real storage: for MILTIPATH table
Colum 1 is unerrored elevation (rad)
Colim 2 is errored-elevation (rad)

- First dimension of MULTAB=100 .

Second dimension of WL'I‘AB'Z
Variable. fonmat to réad 1,. row of the
multipathtable

Description, Value, i!nits ’
Storage array of "ORIGIN: packet.

See section 6.2.8
Varisble format to read external data

Description, Values, Units

Storage array for OUTPUT data
packet. The packet nimber is

" - the same as the colum !

Description, Value, Units

Storage for RADAR data packet.

The packet # is stored in the same
colum. Elements 34-49,-63-99

of each colum in unused. Eléents °

50-61 contain transformation watrices

from ECF to ESF. Element 62 contains
radius of earth(m)
Variable format to read real data
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* RAND LABSLLED ‘COMMIN:
Variable h
RANDOM(S)

ISTART

RCSS LABELLED COMMON

Variable
RCSTAB(100,2,5)
MIRZS

REPORT LARELLED OOMMON

Variable
TITLE(20)
NLINE
LNMAX
NPGMX
NPAGE
DASHES(22)
DAY

‘TAPESLABEI:LEDC(M(N

Qi

Déscription, Value, Units

Storage array for RANDIM packet.
See section 6.2.11
Starting random # seed

Description, Value, Units

Storage array for static RCS
vs, aspect angle table
Variable format to read RCS TABLE

. Description, Value, Units

JOCATER: title card {20A4)

The current print life #

Max # of print lines/page

Set at 55 in BLOCK DATA
Physical pege size in lines=60
Page % of LOCATER REPORT
Array of dashes

Date in form bXX/YY/ZZb

XX is numeric month 1-12.

YY day of month

27 year, b is blank

Time of day in form bXX,YY,ZZb
XX is hour, YY is min, ZZ is sec

All tspe units, variable.nsmes and contents are in

section 8.6

TRAC_LABELLED COMMON
/ Variable
- MISSIO(20)
TRACK(100)"

WEP LABELLED COMMIN

Variable

WEAPON (100, 5)
¢

Description, Value, Units

Real storage array for MISSION
data packet. See section €.2.6
Storage array for the TRACK

data packet. See section 6.2.14

Description, Value, Units

Storage array for the WEAPON
data packet. See section 6.2.15.
The packet # i3 stored in the same

" - colum.
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4 Program Modification Techniques

Section 8.4 is primarily concerned with instructing the ;\mgrmr how. 1o make necessary

program changes without gétting too involved in the structure-of LOCATER, The following
problems are considered:

1,

Increasing the length of. the

measurements file,

Increasing the length of tables:

RCS vs Aspect angle, Layered Meteorological
profile and multipath table,

Add more RADAR or WEAPCN data packets.

Add new data packets or tables.

Change equaticas of motion.

8.4.1 Measurements File

The measurement file -length is currently set at a maximum of 300 measurements,

includes all measurements from all radars tracking the weapon.

To change the length to N measurements the following changes are necessary:
1,

2.

Variable IIRM must be set to N in routine
INITAL (line 147).

The first dimension of arrays RMEAS and
RSED_in COMMON/MEAS/ must be changed to
RMEAS(N;14) and RSED(N,4) respectively.
If the program run mode is +2 (external
trajectory input) the array STORE

in routine BRLIN must be dimensioned
STORE(N,5). (line 12),

If the maximum number of measurements
is exceeded, LOCATER will print an
appropriate error message.

8.4.2 RCS vs. Aspect Angle Table

The Radar cross section vs. aspect angle table is stored in array RCSTAB located in

labelled common/RCSS/.

The limits are 5 tables with a maximm of 99 wvalues per table.

tables:

10

2'

To
1‘
2.

To increase the number of

Change the variable JDIMA(11)} to the
maximum mmber of tables in routine

BLOCK DATA INIT.

Change the third dimension of RCSTAB
to the maximm number of tables.

change the length of the table to M entries

Change the first dimension of array
RCSTAB to Mt+l.

Change the variable JDIMA(11) to M+l
in BLOCK DATA INIT.
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§.4.3 Layered Msteorological Profile

The layeréd meteorological profile is stored in array METVAL located in labelled
common BLOCK/MET/,  The current table limits ave § tables with a maximum of 39 layers for each
table. 'To increase the mumber of tables:

e

1. Change the variable KIMET to the number i

of tablés by an assignment statement

in routine INITAL. (line 50) g

2, Change the third dimension of array MEIVAL 4
to the number of tables,

T0 increase the size of the table to M layers:

1. Changne variable IDMET' to M+l by an assigment
statement in routine INMITAL. (1linc 48).

2, Change the first dimension of array METVAL
to Mel,

For each layer & items are required. Thay are:

1. DHeight (meters) of temperature urd
density
+ Teamperature (deg Kelvin)
3. Density (kg/mmm
4, Height (moters) of wind
5. [East wind component (m/s)
6. North wind .componient (m/s).
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To add an additional item: fg
4

1., Increase variable JIMET in routine ¥
INITAL (line 49) to the mumber of g
values for euach layer. 3§

2, Change the second dimension of array 4
METVAL to the number of values for each 3
layer, §

3. Change the variable format card to #
read the required number of items. &
8.4.4 Miltipath Table

The multipath table relates unorrored elavation to errored elevation measurements. -

This table is stored in array MULTAB located in labelled common/MUL/ and is currently limited
at 99 entries, To increase the table length to M entries:

1, Change variable II to M#l by an
as:’i]gment stata’.\e;ltmin routine INITAL. K |
Qine 228).
2, Change the first dimension of array B
WLTAB to M’*l. ‘8

8.4.5 Numbor of Weapon and Radar Packets

The WEAPON data packet is stored in array WEAPON located in labelled commoh
block/WEP/. The sccond dimensjon of array WHAPON refers to the maximum number of WHAPON 4
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packets, To Increase the number of packets to M:

1, (hange the second dimension of array
WEAPON to M,

2, Change variable JDIMA(14) to M by
a dats statement in BLOGK DATA INIT,

The RADAR data packet is stored in array RAMMR located in labelled common /RAD/,

dimension is the maximun mwbeor of parametors for the vadar model.
maxlmes packets to M:

1. Change the secomnd dimension of avvay
RADAR to M,

2, Change variable JDIMA(Y) to M
by a data statemont in BLOCK DATA INIT.

8,4.6 Iquations of Motion Modification

The equations of motion used by LOCATHR are defined in routine ACCEL which is flow

charted in section 8.1.4 and descrlbed muthematically in section 5.3, The method of describing
the dynamics is to define theprojectile's accelerations as a function of positions, velocities

and atmospheric conditions and then using a modified prediction corvector algovithm (routine

BXTRAP) to extrapolate the present state,
Routine SETRND defines the initial state vector array X, wmoteorologicul conditions and
integration constants, The elements of X ave

XQ) Tag time of state
X(2),X(3),X(4) Positions (moters)
§8}5X(6),X(7) Velocities (w/s)

Drag state guu/kg)
X(12) Spin state (n/s)
X(13) East wind component (i/s)

X(14) North wind conponent (w/s),
Element 13 and 14 aro 0.0 fov

layered type atmosphorics
X(15)-X(20) Unused

The function of routine ACCHL 1s to compute the accelerations and stora them in array
locations X(8),X(v),X(10).

At present the dynamics includes gravity, zero yaw drag with an approximation for yaw,

coriolis, and lift accelerations in the medium of a4 svandurd or layered type atmosphere.

To utilize additional states in the dynamics, one should consider to which type of packet

(WEAPON, RADAR or METRQ) the parameters should be included with. Refor to soction 8,3.4 for

wwsed parts of those storago arrays. Tho changoe might be large enough in scope to make a new

typo of data packet ard common. These parametors should then bo made available 1n routine

e

The
secoixl dimension of array RADAR refers to the waximum nusber of RADAR packets while tho first

To increase the number of
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SETRND and put in the state vector array X in the unuswd array locations (15 to 20). Routine 4
, ACCEL would then be modifled to reflect the new dynumic medel. i\%
B o
N 8.4,7 Addition of New Duta Packets g
"‘ 7 LOCATER at prosent will recognize 16 typas of data packets.  See section 8.3.1 for a 5
b iise,  Bach now packet will include: g‘
. 1. A PACKET NAME card with a packet mumber, fg
B 2. List of mmeric ITRMS delimited by two §.
A9 3. An-optional table preceded by a variable X
R format card and followed by a blank card. 4
For an example of a new data packet consider 3 different typos of earch medel's. ?

1. flat ;
2. sphovicual
3. W6S-72 ellipsoidal model(3)

At present only type 3 is utilized by LOCATER,

e following steps allow the recognition of the new packet by LOCATER,

1. Choose a unique PACKET NAME up to 10

alphanumeric characters long, Lxumple,
NEARTI™

2. Increase variable NPACKS by 1 in routine
INITAL (line 46), Bxurple, NPACKS=17,

3. Tuke the first 4 lettors of the PACKET NAME
and add the tollerith wpresentation
to the end of arvay WORDS. Example,
DATA WORDS{17) 74HBARY/

4. Dbeclde what specific variables should
bo input for vach type of model.

MBS B SN v A O S B et T L o

Exumple - Medel ] &1
&
[tem ¥ Value and Uescription
1 1 sigodfying flat i
Example - Model 2 3
-
Itom £ Value amd Description s
1 2 signifying spherdcal %
2 0 earth not rotating ;
J carth rotating 2
3 radivs of carch (m) i
Example - Model 3 2
Item #  Valuo and Doscription v
1 3 sigiying eni[,soidnl .
2 0 carth not rotating i
1 earth rotating 3
3 radius of earth at north pole L
4 cceontricity ol
Fg
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g
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Chose a unigue array name, dimensions
and labslled common for the storage
of the data .packet, |

Exdmple: COMMON/MODEL/SHAPE (10)
Hence the data packet will be stored
in array SHAPE.

Store the first dimension of the

array st the end of array IDIMA in
routine BLOCK DATA INIT and the second
dimension at the end of array JDIMA.

If the second dimension is nonexistant
'set it to 1.

Example: -DATA IDIMA(17)/10/,JDIMA(17)/1/.

If the mumber of data packets is
greater than 20, change the dimensions
of arrays WORDS, IDIMA and JDIMA to
the appropriate number in labelled-
cammon “block/LENGIH/,

Decide on a default model or require

the user to specify a model.

To choose a default model (say type 2)
with-the earth rotating

the fqnowins code should be implemented
corwon biock/LENGLY/ .

COMMON/MODEL/SHAPE (10)

SHAPE(1 )=2.0
SHAPE (2)=1.0
SHAPE(3)»6356760. 0
IL=IDIMA(17)
SHAPE(I1)=3.0

The last, line of code signifies that
3 variables were defined,

To require the user to sgecify an
input ggckot, the following code
would be implemented

COMMON/MODBL/ SHAPE (10)

IL~IDIMA(1T)
SHAPE(IL)=0.0

-

This signifies that no varisbles
were defined and a packet must be input,

The following code would be
added to routine INP.

Add a 17th brunch (say label 260)
to the multiple GO TO at line 48.
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COMON/MODEL/ SHAPE (10)
260-CONFINUE, - :

"CALL-COPCHK (FREE,SHAPE, NUMBER ; NUM, NNVAR) R
“ -, -GO+TO- 30 ‘

»‘:'\5

. ‘33‘
. f}‘?

35 S s

This code assigns the values read by the
! free format reading routine to array SHAPE,

s An éxample of an EARTH data packet follows: N

.:.]

EARTH 01

$-USE: ELLIPSOID MODEL TYPE 3, THE
.EARTH_IS*ROTATING 1, THE RADIUS-

OF ‘THE NORTH POLE- RADIUS-IS 6356760
METERS, . ECCENTRICITY IS .08181 §

%3 iy el sv gy

IR

The abovée example of adding a new data packet only considers the input of the variables,
riot what changes' are necessary to make them functional, For example, the earth model type )
would affect gravitation, Coriolis acceleration and appropriate coordinate system
-transformations.
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8.5 LOCATER lnput/Qutput Units

The I/0 of LOCATER is carried out by 20 units, most of which are scratch for the LOCATER

Y
1% aTind e Ao U A

REPORT.  For each unit i used by FORTRAN, the local file TAPEi must be declared on the PROGRAM
statement card, The labelled common block TAPES contain the variable hames for each unit.

The following table equates tape unit number with variable name and describes the

contents.,

<

M Y,

SRR IR S e

o
UNIT ¥ VARIABLE  DEFINING , ji
NAME ROUTINE CONTENTS 1@
‘«.{( 2V
b 1 KIN INITAL LOCATER data cards R
i 2 KDAT INITAL Real or external data &
g if on tape ) 2
3 Krop INITAL Digital topogruphic map ¥
4 Scratch for MAXLIK #
3
5 KCARD  INITAL Systems input (card reader) X é]
6 XouT INJTAL Systems printer oA
1 ITAPE(1) BLOCK DATA  SECTION 1 of LOCATER output .3
12 ITAPE(2) BLOCK DATA  SECTION 2 "5
13 ITAPE(3) BLOCK DATA  SECTION 3 &
14 ITAPE(4) BLOCK DATA - SECTION 4 }
15 ITAPE(S) BLOCK DATA  SECTION S o
16 ITAPE(6) BLOCK DATA  SECTION 6 - %
17 ITAPE(7) BLOCK DATA  SECTION 7 3
18 ITAPE(8) BLOCK DATA  SECTION 8
19 ITAPE(9) BLOCK DATA  SECTION 9

22 KTAPE(2) BLOCK DATA  SECTION 2 tape output
27 KIAPE(7) BLOCK DATA  SECTION 7 tape output
29 KTAPE(9) BLOCK DATA  SECTION 9 tape output

o DN T

20

T s e i

Tape unit numbers 7-10, 20, 21, 23-26 and 28 are unused.
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